AO-A040  176 


UNCLASSIFIED 


6CNERAL  AMERICAN  TRANSPORTATION  CORP  NILES  ILL  6ENER— ETC  F/6  14/2 
THEORY  AND  OPERATION  MANUAL.  1500  PSI  DYNAMIC  LOAD  SIMULATOR. (U) 

MAY  69  R J KL1MA»  L E FU6ELS0  DACA39-66-C>0047 

WES-CR-N-69-2  NL 


1 

AD 

A040 176 

a 

' « 

9 © 

! 

6 

rti 

r 

— 

^-1-  

■ 

— 

— 

r • “ 

I , - 

i 

* 

f 

I 

! 

■ — 

r* — 

i' 

1 

r — — 

i 

i 

1 

• 

y 1 

1 

F 

I 

1 

! 

i 

! 

1 

i 

1 

h- 

h 

i 

i 

1 

1 

Contract  Report  N-69-2 


THEORY 


OPERATION  MANUAL 
1500  PS.  DYNAMIC  LOAD  SIMULATOR 


prepared  for 


WATERWAYS  EXPERIMENTAL  STATION 


VICKSBURG,  MISSISSIPPI  39180 


CONTRACT  NO.  DACA  39.68.C-0047 


•coperfy  of  the  Onftea  SVaBee  OoeetsaeoV 


Contract  Report  N-69-2 


THEORY  AND  OPERATION  MANUAL 


1^.00  PSI  DYNAMIC  LOAD  SIMULATOR 


R . J . Klima 
L.  E.  I'ugelso 

GENERAL  AMERICAN  RESEARCH  DIVISION' 
General  American  Transportation  Corporation 


iuxaiiw  » 

im  jkiii"  (V 

OOS  liiU  Sfctiji  o 

§ust:n>!'.^B  n 

JRIlflMIlSI! 



^ OT 

j :v.TI,J3TI0«/«All.»3illIT  COti:s 
i :J.  'H>iLTra>~S!’>Cin 


Prepared  for 

U.S.  Army  Corps  of  Engineers 
Waterways  Experimental  Station 
Vicksburg,  Mississippi 


_ D D C 


Under 

'i 

Contract  No.  DACA  39- 68- C- 004?  ^ Uiil 


May,  1969 

jH^riTEU^.N  STATEMENT  A~ 

Approved  for  public  release; 
Distribution  Unlimited 


OENenAl.  AMERICAN  RESEARCH  DIVISION 


^7 

J 

h. 

FOREWORD 

This  manual  was  prepared  by  the  General  American  Research  Division  of  the 
General  American  Transportation  Corporation  for  the  U.S.  Army  Corps  of  Engineers, 
Waterways  Experimental  Station,  Vicksburg,  Mississippi,  under  Contract  No.  DACA 
39-68-C-0047.  The  manual  culminates  a 12  month  program  to  design,  fabricate, 
install,  and  make  operational  a I50O  psi  Dynamic  Load  Simulator.  The  program 
was  performed  during  the  period  1 May  I968  to  10  October  1969. 

The  manual  contains  the  theory  behind,  and  operation  of,  the  15OO  psi 
Dynamic  Load  Simulator  and  is  divided  into  four  sections.  The  first  section 
is  a general  description  of  the  system  and  lists  its  specifications.  The 
second  section  covers  the  theory  of  thermochemical  and  detonation  wave  analysis. 
The  third  section  describes  the  operating  procedure.  The  last  section  provides 
guidance  for  maintaining  and  trouble-shooting  the  system. 

The  overall  management  of  the  program  was  the  responsibility  of  Dr.  M.J. 
Balcerzak,  Associate  Manager  of  Engineering.  The  Project  Engineer  was  R.J. 

Klima. 

Appreciation  is  extended  to  the  following  personnel  who  contributed  to 
this  program:  L.E.  Fugelso,  R.S.  Koike,  S.A.  Stohl,  and  F.E.  Wolosewick. 
Appreciation  is  also  extended  to  Messrs.  W.  Flathau,  J.  Ballard  and  J.  Hossley 
of  the  Waterways  Experimental  Station  for  the  cooperation  and  assistance  given 
to  General  American  Research  Division  during  the  performance  of  this  program. 
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SECTION  1 


INTRODUCTION 


1 . 1 Purpose 

The  purpose  of  the  1500  psi  Dynamic  Load  Simulator  is  to  provide  the 
Waterways  Experimental  Station  with  the  capability  of  producing  peak  reflected 
overpressures  of  up  to  I5OO  psi  which  decays  to  i/2  the  peak  pressure  in  2 
milliseconds.  This  dynamic  model  test  facility  will  augment  static  test 
information  in  determining  structural  response  characteristics. 

1.2  General  Description 

The  generation  of  high  overpressure  shock  waves  may  be  accomplished  by 
the  detonation  shock  tube.  This  device  basically  consists  of  a cylindrical 
tube  containing  an  explosive  gas  mixture.  If  the  initial  mixture  and  pressure 
are  correct,  the  explosive  gas  will  produce,  upon  ignition  at  one  end  of  the 
tube,  a detonation  wave  that  travels  at  a high  velocity  toward  the  other  end 
Of  the  tube.  Proper  choice  of  explosive  constituents  controls  the  detonation 
wave  overpressures  and  velocities  independently. 

The  1500  psi  Dynamic  Load  Simulator  is  basically  a detonation  shock 
tube.  It  is  4l  ft.  3 in.  long,  has  a 46-3/^  in.  I.D.  and  is  flanged  into 
five  sections.  The  bottom  section,  21  in.  long,  contains  the  model.  The 
intermediate  sections  are  4 ft.,  15  ft.  9 in.,  17  ft.  3-9/l6  in.,  and  2 ft. 
5-7/16  in.  consecutively.  The  latter  refers  to  the  2:1  semielliptical  head 
that  closes  off  the  top  end  of  the  tube.  In  order  to  efficiently  operate 
the  detonation  shock  tube  certain  subsystems  are  required.  They  are  the 
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gas  loading  and  firing  system,  the  handling  system,  and  the  instrumentation 
system. 

The  gas  loading  and  firing  system  consists  of  a valve  and  manifold 
control  box,  a methane-oxygen-hydrogen  gas  supply,  a vacuum  pump,  a monitoring 
and  electronic  control  panel,  assorted  valves,  regulators,  and  associated 
pneumatic  and  electrical  lines.  Figure  1.1  shows  a schematic  of  the  I5OO 
I i Dynamic  Load  Simulator  with  the  gas  loading  and  firing  system. 

The  handling  system  consists  of  structural  steel  members  arranged  to 
allow  shock  tube  disassembly  for  model  removal.  In  its  operating  position, 
the  tube  and  handling  system  would  appear  as  shown  in  Figure  1.2.  Figure 
1.3  shows  the  disassembled  position. 

The  instrumentation  system  referred  to  here  is  required  to  verify  that 
the  anticipated  detonation  parameters  have  been  met.  The  instrumentation 
associated  with  the  structural  response  of  the  model  is  not  presented  in 
this  manual.  The  instrumentation  system  consists  of  four  pressure  trans- 
ducers. Two  will  indicate  the  peak  reflected  pressure  at  the  model.  The 
other  two  will  provide  data  of  the  actual  detonation  pressure  and  velocity. 

1.3  Facility  Specifications 

The  1500  psi  Dynamic  Load  Simulator  was  designed  according  to  ASME-API 
Design  Codes  for  Unfired  Pressure  Vessels.  The  simulator  was  designed  to 
provide  the  capability  of  being  utilized  either  as  a closed  end,  15OO  psi 
(maximum)  indoor  facility  or  an  open  end,  3000  psi  (maximum)  remote  outdoor 
site  facility.  The  open  end  configuration  will  require  a frangible  diaphragm 
instead  of  an  elliptical  head  to  reduce  the  upward  stress  in  the  tube  and 
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preclude  strength  problems  in  the  foundation.  The  indoor  facility  has  the 
capability  of  a decay  to  l/2  peak  pressure  in  2 milliseconds.  The  3OOO  psi 
remote  outdoor  site  facility  will  require  an  additional  20  foot  section  on 
top  of  the  present  UO  foot  tube,  if  the  same  pressure  decay  characteristics 
at  the  model  end  are  desired. 

The  tube  was  designed  with  a factor-of- safety  of  h (according  to 
ASME  codes)  for  the  I5OO  psi  indoor  facility.  When  used  as  a 3OOO  psi 
remote  outdoor  facility  the  factor-of-safety  will  drop  to  2 which  is 
sufficient  for  the  remote  outdoor  case. 

The  peak  pressures  as  a function  of  length  in  the  I5OO  psi  Dynamic 
Load  Simulator  will  appear  as  shown  in  Figure  l.U  Curve  A.  These  are  internal 
pressures  acting  along  the  tube.  The  peak  pressures  could  not  be  used  for 
design  purposes  because  they  are  transient  and  the  dynamic  effects  must  be 
considered.  These  effects  can  be  expressed  in  terms  of  a dymanic  load  factor 
(maximum  dynamic  deflection/maximum  static  deflection).  A SARD  sponsored 
test  program  empirically  determined  a dynamic  load  factor  of  approximately 
2.0  with  the  12- inch  shock  tube.  A dynamic  load  factor  of  2.0  was  used 
in  the  design  of  the  Simulator.  (See  Figure  1.4  Curve  B.)  Curve  C of 
Figure  1.4  is  the  pressure  loading  curve  used  for  the  design  of  the  Simulator. 

Table  1.1  lists  the  specifications  for  the  I5OO  psi  Dynamic  Load  Simulator. 

The  connecting  flanges,  pipe,  valves,  and  pneumatic  lines  to  the  tube 
were  sized  compatible  with  the  maximum  pressures  anticipated  (3OOO  psi  peak 
reflected).  The  detonable  gas  source  pressures  have  to  be  regulated  to  less 
than  500  psi.  Both  220- volt  3 phase  A.C.  and  110- volt  1 phase  A.C.  are  required 
for  operation  of  the  facility  along  with  an  80  psi  minimum  air  supply. 
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The  initial  pressure  of  the  detonable  gas  mixture  inside  the  tube  cannot 


exceed  5 atmospheres  and  still  have  a programmed  gas  ioading  sequence, 
initial  temperature  and  relative  humidity  have  little  or  no  effect. 

The  shot- to- shot  recycle  time,  not  including  model  replacement,  is 
approximately  2 hours  or  one  hour  for  the  purge  cycle,  l/2  hour  for  the 
evacuatin  cycle,  and  l/2  hour  for  the  detonable  gas  loading  cycle. 


The 


QEIVERAL  AIV1E«ICA(\I  RESEARCH  DIVISIOM 


VERTICAL  DETONATION  TUBE  ATTACHMENT  ASSEMBLY  Figure  ( .1 


design  pressures  for  the  more  economical  tvo  constant  wall  thicknesses 


TABLE  I.l 


FACILITY  TABLJLATION  OK  SHOCK  TUBE 


ITEM 

DESCRIPTION 

1 

Temperature 

2 

Blast  pressure 

Design  pressure 

4 

Test  pressure 

5 

Shell  material 

6 

Flange  material 

7 

Shell  thickness 

8 

Flange  thickness 

9 

Number  of  bolts 

10 

Bolt  diameter 

11 

Bolt  strength 

12 

Bolt  prestress,  test 

B 

Torque  for  prestress 

I4 

Bolt  prestress  opera. 

Torque  for  prestress 

16 

Weight  of  test  specim 

17 

Weight  of  4'  section 

18 

Weight  of  15'9"  sect. 

19 

Weight  of  17'  3 

20 

Weight  top  head 

21 

Total  weight 

22 

Hoop  stress  operating 

FLANGED  SECTION  HEIGHT 

FROM  GRADE 

-11'  11  i " 

— - ^ 

+ 2'  5" 

+ 32'  0" 

300°F 


880  psi 


1760  psi 


4000  psi 


300  *^F 


590  psi 


1180  psi 


4000  psi 


REMARKS 


300°F 


1500  psi 


3000  psi 


^4-000  psi  Water  test 


ASTM  A517  ASTM  A517  ASTM  A5IU  T1  steel 


ASTM  A515  ASTM  A515  ASTM  A^15  70,000  psi  Gr . C , 


3.00" 


5.50" 


ko 


1.75" 


340,000# 


186,000# 


2700'# 


1.375" 


5.75" 


4o 


1.75" 


340,000# 


186,000# 


2100' jt 


100,000# 


1500'# 


4,520# 


1.375" 


5.75" 


4o 


1.75" 


340,000# 


186,000# 


2700'# 


100,000# 


1500'# 


1500'# 


7,770# 


Root  A=1.98  in.‘ 


Minimum 


F.S.  = 1.6 


f = 0.075 


F.S.  = 3.4 


f = 0.075 


21,87:^ 


17,000# 


56,74.># 


20,000  psi  23.000  psi 


10,000  " 


23 


Longitud.  stress  opera 


29,600  psi 
14, 800  ’’ 
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SECTION  2 
THEORy 

2 . 1 Introduction 

The  loading  on  a model  in  a detonation  tube  is  accomplished  by  filling 
in  the  tube  with  a detonable  gas  mixture  under  some  initial  pressure  and 
detonating  the  mixture  at  some  point  along  the  length  of  the  tube.  The 
model  is  contained  in  one  end  of  the  tube.  The  model  end  of  the  tub>  is 
designed  to  withstand  the  peak  detonation  pressures  and  is  considered  rigid. 

The  detonator  is  situated  at  the  other  end  of  the  tube.  The  detonator  end 
of  the  tube  is  designed  not  to  rupture  and  is  considered  rigid.  The  deton- 
ation wave,  reflected  shock  waves  and  subsequent  flow  pattern  that  occur  in 
the  tube  following  the  ignition  of  the  gas  are  dependent  upon  the  initial 
pressure,  the  composition  of  the  initial  gas  mixture  and  the  length  of  the 
tube . 

Initially  the  detonation  tube  is  filled  with  a uniform  detonable  gas 

mixture  of  some  specified  composition  which  is  maintained  at  a uniform  ■■ 

initial  pressure.  This  mixture  is  detonated  at  one  end  which  initiates  a | 

1 

detonation  wave  that  propagates  along  the  length  of  the  tube.  The  deton-  | 

'% 

ation  wave  is  a shock  wave  which  propagates  through  the  explosive  mixture,  ; 

i 

and  the  pressure  and  temperature  immediately  behind  the  front  drive  an  | 


exothermic  chemical  reaction.  The  energy  released  by  this  reaction  sustains 
the  shape  and  magnitude  of  the  front.  The  propagation  velocity  of  the 
detonation  wave  is  determined  by  the  physical  properties  of  the  media 
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Cn  both  sides  of  the  front.  Equations  representing  l.he  conversation  of  mass, 

I 

I momentum,  and  energy,  supplemented  by  a thennochernical  analysis  describing 

the  reaction  that  occurs  immediately  behind  the  detonation  front,  allow  the 
determination  of  the  properties  of  the  burnt  gas  mixture  behind  the  front. 

Balcerzak  and  Johnson  (1965)'*  and  Balcerzak,  Johnson  and  Kurz  .(1966)  iiave 

computed  the  detonation  parameters  for  selected  compositions  and  initial 

conditions  for  propane,  oxygen  and  air  systems.  The  computational  system 

assumes  that  the  initial  and  final  gas  mixtures  are  perfect  gases,  that  the 

rates  of  the  reaction  are  so  fast  that  the  reaction  occurs  at  the  detonation 

front,  that  the  detonation  velocity  is  sonic  with  respect  to  the  flow  just 

behind  the  detonation  front.  Klima,  Balcerzak  and  Johnson  (1968)  give  a 

detailed  analysis  of  the  reactions  considered  in  establishing  the  equilibrium 

conditions  behind  the  front.  They  also  corr.pute  the  thermochemiical  parair.eters 

for  the  detonation  of  methane-oxygen-air  and  hydrogen-oxygen-air  mixtures  at 

initial  pressures  of  less  than  one  atmosphere  and  temperatures  below  O^C.,  •; 

the  specific  application  for  these  calculations  being  predictions  of  gas 

detonation  behavior  at  high  altitudes  (less  than  100,000  feet).  Ostrem  and  ; 

Fugelso  (1967),  Feddersen,  Fugelso,  Ostrem,  and  Watts  (1968),  and  Fugelso, 

Guttcnberger,  and  Byrne  (1968)  present  tables  and  graphs  of  thermochemical 

data  on  detonation  of  methane  and  propane  mixtures  for  init  'c’.l  pressure, , 

from  1 to  40  atmospheres. 

The  pressure  and  velocity  fields  in  a detonation  tube  have  been  evaluated 
for  the  basic  configuration  previously  (Feddersen,  Fugelso,  Ostrem,  and  Watts 
(1968)  and  Balcerzak,  Johnson  and  Fugelso  (1968)).  Evaluations  for  the  basic 

*See  List  of  References  at  the  end  of  Section  2. 
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configuration,  in  which  the  detonator  and  the  model  end  are  completely  rigid 
I at  pressures  intermediate  to  the  initial  pressure  and  peak  reflected  pressure, 

. were  made.  The  pressure-time  history  at  the  model  end,  i.e.,  the  end  away 

from  the  detonator,  was  obtained,  together  with  predictions  for  the  peak 
pressures  that  will  occur  at  any  position  along  the  length  of  the  tube.  The 
theory  and  computational  procedure  is  reviewed  and  the  results  are  presented 
hero  for  convenience. 


' ?.  .2  Thermochemical  Data 

I 

2.2.1  Reactions  Considered 


The  thermochemical  detonation  properties  of  various  methane-iiydrogen- 
oxygen  mixtures  are  presented  in  this  section.  The  general  form  of  the 
reaction  that  takes  place  at  the  detonation  front  has  the  form 


nO^  + 


a CO^  + (SCO  + 6 HgO  + e Hg  + C Ng 


+ >.  (OH)  + (H)  + V (NO)  + Q 


with 


^1  + H2  + n,  + nj^  = 1 

All  the  Greek  letters  represent  moles  of  the  products  and  Q is  the  energy 
released.  The  reaction  above  is  written  for  one  mole  of  reactants.  Both 
reactants  and  products  are  considered  perfect  gases  and  the  thermochemicnl 
data  is  obtained  by  a numerical  solution  of  the  conservation  equations  under 
the  assumption  that  the  products  are  in  chemical  equilibrium  at  the  deton- 
ation temperature  and  that  the  detonation  satisfies  the  Chapman  - Jouguet 


I 
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condition.  A detailed  presentation  of  the  conservation  equations  and  the 
chemical  equilibrium  equations,  togetiier  wi  tli  a discussion  of  the  numerical 
techniques  and  methodology  used  in  the  solution,  is  given  in  Klima,  Balcerzak 
and  Johnson  (I968).  This  set  of  equations  is  quite  lengthy  and  is  not 
reproduced  iiere.  No  air  is  considered  for  any  of  the  cases  presented  in 
Section  2.2.1,  so  = 0.  The  effect  of  air  is  discussed  in  Section 

2.2.2.U.  In  the  reference  cited  in  tlie  previous  section  (Fugelso,  Guttenberger 
and  Byrne  1968),  several  cases  were  evaluated  with  air  present  and  these  terms 
were  considered  there. 

2.2.2  Detonation  Parameters 

The  detonable  gas  mixtures  considered  in  this  manual  are  composed  of 
oxygen,  methane  and  hydrogen.  Figure  2.1  is  a ternary  diagram  of  the  0^  - 
system  showing  the  compositions  for  the  thermochemical  parameters 
that  were  evaluated.  The  ternary  diagram  also  shows  qualitatively  the 
detonation  limits  for  explosions  in  this  system.  Limits  for  the  binary 
system  0^  - were  presented  in  Lewis  and  Von  Elbe  (196I)  and  those  for  the 
system  0^  - CH|^  were  presented  in  Klima,  Balcerzak  and  Johnson  (1968).  Linear 
interpolation  between  these  limits  defines  approximately  the  region  wherein 
true  detonations  can  occur.  Table  2.1  lists  the  mole  fractions,  initial 
pressures,  and  oxygen -to -fuel  ratios  (the  fuel  being  the  sum  of  the  methane 
and  hydrogen  volumes)  and  several  pertinent  computed  thermochemical  quantities. 
The  presented  data  includes  initial  density,  detonation  pressure,  detonation 
velocity,  peak  flow  velocity  behind  the  front,  peak  detonation  temperature, 
energy  released  per  unit  weight  of  initial  mixture,  and  energy  released  per 
unit  volume  per  unit  initial  pressure.  All  thermochemical  calculations 
presented  assumed  an  initial  gas  temperature  of  20*^0.  (293.l6°K.)  Graphical 
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representations  of  the  thermochemical  data  were  made  to  illustrate  their 
I dependence  on  several  variables.  In  the  first  set  of  graphs  presented,  the 

I relative  composition  of  the  fuel  gases,  and  CHj^,  to  each  other, is  maintained 

constant,  and  variable  ratios  of  oxygen  to  total  fuel  were  considered.  For  the 
j second  set  of  graphs,  the  ratio  between  the  two  constituents  of  the  fuel  gas 

were  varied.  Tiiis  :specific  variation  was  carried  out  over  a line  AB  on  the 
’ ternary  diagram.  The  two  end  members  represent  points  on  their  respective 

binary  systems  where  the  detonation  pressure  to  initial  pressure  ratios  are 
near  or  at  the  peak  value  possible.  The  third  set  demonstrates  the  influence 
of  initial  pressure  at  fixed  composition  on  the  detonation  parameters. 

2. 2. 2.1  Effect  of  Oxygen  Content 

Detonation  parameters  for  mixtures  of  methane  and  oxygen; 
hydrogen  and  oxygen;  and  methane,  hydrogen  and  oxygen  with  equal  molar  parts 
of  methane  and  hydrogen  are  presented  in  Figures  2.2thrpugh  2.7.  The 
independent  variable'  in  all  graphs  is  the  mole  fraction  of  oxygen.  On  each 
graph,  three  sets  of  curves  are  shown.  Each  set  has  a fixed  ratio  of  fuel 
gas  components.  Considered  are  the  two  end  members,  the  fuel  gas  being  pure 
hydrogen  or  pure  methane,  and  an  equimolar  mixture  of  methane  and  hydrogen. 

Figure  2.2  presents  the  ratio  of  the  detonation  pressure  to  the  initial  gas 
pressure  for  these  three  types  of  gas  mixtures.  Two  curves  are  shown-  for  j 

each  type,  one  curve  at  one  atmosphere  initial  pressure',  the  other  at  five_ 
atmospheres.  Figure  2.3  shows  the  detonation  velocity.  Figures  2.k  and  2.5 
demonstrate  the  energy  released.  Figure  2 A shows  the-  energy^- released -per 
pound  of  original  gas  mixture,  while  Figure  2.5  plots  the  energy -released  per 
unit  volume  per  atmosphere  of  initial  pressure.  The  peak  flow  velocity  and  -■ 
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the  peak  temperature,  both  of  which  are  attained  at  the  detonation  front, 
etiowri  in  Figures  2.6  and.  F-.7,  respectively.. 

In  Figure  2.2,  t.he  detotiat  ,i  or.-j'rn,<;3iiT'i'- o- i nit  aa  1 -pressure  ratio  shows 
a definite,  sharply  defitied  maximum  for  ai  ; tliree  fuel  compositions  as  the 
mole  fraction  of  oxygen  varies.  The  largest  pressures  occur  for  the  methane- 
oxygen  mixtures  while  the  smallest  occur  for  the  hydrogen- oxygen  mixtures. 

The  peaks  occur  near  the  initial  compositions  which  are  stoichiometric  to  the 
appropriate  mixture  of  carbon  monoxide  and  water.  With  increasing  initial 
pressure  the  detonation  pressure  ratio  increases  slightly,  in  Figure  2.3, 
the  detonation  velocity  increases  with  increasing  hydrogen  content  in  the 
rather  broad  compositional  range  considered.  In  Figur'es  2.d  and  2.b,  the 
energy  released  by  the  reaction  is  demonstrated  in  two  different  ways,  the 
first  being  energy  released  per  pound  of  original  gas  mixture  and  the  second 
being  energy  release  per  cubic  foot  per  atmosphere  initial  gas  pressure.  The 
hydrogen  mixture  releases  more  energy  per  unit  weight  while  the  methane  mixture 
detonations  release  more  energy  per  unit  volume.  As  a function  of  mole  fraction 
of  oxygen,  these  curves  are  very  broad.  The  detonation  temperature.  Figure 
2.7,  shows  a similar  shape  compared  to  the  pressure- ratio  data,  but  the  peak 
values  are  nearly  the  same. 

2. 2. 2. 2 Effect  of  Fuel  Composition 

This  section  contains  the  variation  of  the  fuel  gas  composition 
and  its  effect  on  thermochemical  detonation  properties.  The  peak  detonation 
pressure  in  the  0^  - binary  system  occurs  near  the  st-oi chiometric  mixture 
ratio  of  O^/f  = 1/2  (O^/F  equals  tlie  ratio  of  moles  of  oxygen  to  moles  o<’ 
fuel  gas).  The  peak  detonation  pressure  for  the  equimolnr  ri'ixtnre  of  fuels 
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occurs  at  the  compusition  intermediate  and  on  a straight  line  between  the 
two  binary  compositions  indicated.  The  independent  variable  then  considered 
is  the  reduced  mole  Traction  of  iiydrogen  n^/in^  + , while  the  mixture 

composition  is  constrained  to  be  on  the  line  indicated  as  AB  on  Figure  2.1. 
Figures  2.8  through  2.12  show  the  same  six  parameters  while  varying  the 
percentage  of  metiiane  and  hydrogen.  The  metiiane -oxygen  end  member  has  an 
oxygen  to  fuel  ratio  of  3/2  while  the  iiydrogen -oxygen  end  member  has  an 
oxygen  to  fuel  ratio  of  l/2.  Tlie  intermediate  points  shown  are  on  a 
straight  line  between  the  ends  as  indicated  by  line  AB  on  the  ternary  diagram 
(Figure  2.l).  All  the  detonation  parameters  vary  smoothly  and  monotonically 
as  the  fuel  mixture  is  varied. 

2. 2. 2. 2 Effect  of  Initial  Pressure 

The  next  major  independent  variable  to  be  considered  is  the 
initial  pressure.  For  three  selected  compositions,  namely,  the  end-points 
and  the  "middle  point"  (n^  = n^)  on  line  AB  of  Figure  2.1,  the  detonation 
properties  are  examined  far  their  dependence  on  initial  gas  pressure. 

Figures  2.lk  through  2.l8  show  the  variation  of  detonation  properties  of 
three  specific  compositions  as  a function  of  initial  pressure.  Figure  2.lU 
shows  the  detonation-pressure-to-ini ti al-pressure  ratio  as  a function  of 
initial  gas  pressure  for  the  following  initial  compositions:  O^/F  = 2/2> 

= 0;  Og/F  = l/2,  =<»i  O^/f  = 1,  - 1.  Figure  2.1t 

shows  the  detonation  pressure  and  Figure  2.l6  shows  the  initial  weight 
density.  Figures  2.17  and  2.18  show  the  energy  released  in  its  two  forms 
of  presentation,  Figure  2.17  showing  energy  released  per  pound  of  detonable 
gas  mixture  and  Figure  2.l8  showing  energy  released  per  cubic  foot  per 
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atmosphere  initial  pressure.  The  two  properties  that  increase  almost  linearly 
with  initial  pressure  are  the  density  of  the  I'eactants  and  the  detonation 
pressure.  The  detonation  pressure  to  inir,iai  pi'essure  rar.io  and  the  energy 
release  (in  both  forms  of  presentation)  increase  slightly  with  increasing 
initial  pressure,  thus  indicating  that  these  detonations  become  slightly 
more  efficient  at  higher  initial  pressures. 

2. 2. 2. 4 Effect  of  Air 

If  the  operation  of  the  detonation  tube  facility  is  such  as  to 
preclude  the  evacuation  of  the  tube  prior  to  gas  fill,  the  tube  will  be 
initially  filled  with  one  atmcspnere  air.  The  detonation  parameters  for  one 
gas  mixture  added  to  a volume  of  air  originally  occupying  the  tube  at  one 
atmosphere  pressure  is  included  in  this  section.  The  air  is  assumed  to  be. 
composed  of  79^  and  21^  0^,  and  the  minor  constituents  such  argon  and 

COg  are  neglected.  As  a typical  case,  a.  detonabie  gas  mixture  of  methane 
and  oxygen  is  selected.  The  ratio  of  the  mixture  is  such  that  the  final 
oxygen  to  fuel  -gas  ratio,  including  the  oxygen  in  the  air,  is  maintained  at 
3/2.  The  detonation  parameters  for  tr.ose  mixtures  at  an  initial  temperature 
of  300°K  (26.8U°C)  and  initial  pressures  ranging  up  to  b atmospheres  were 
computed  previously  (Fugelso,  Guttenberger  and  Byr'ne  (1969))  and  are  reproduced 
here . 

Figure  2.19  shows  the  detonation-pressure- “.c- Initial  pressure  ratio 
for  the  methane-oxygen-air  mixture  from  2 to  5 atmospheres  initial  pressure. 
Also  shown  is  the  curve  for  the  methane- oxyge"  mixture  witnout.  aii'  fi'om  1 to  5 
atmospheres  initial  pressure.  The  detona+.ion  pressure  ratio  for  the  mixture 
with  air  lies  below  the  me thane -oxygen  mixt.^re  curve.  The  difference  between 
the  two  curves  is  greater  at  lower  pressures.  This  is  due  to  a greater 
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proprotion  of  nitrogen  in  tne  mixture  which  tends  to  retard  the  reaction 


figure  2.20  shows  the  detonation  pressure  for  the  me  thane- oxygen  and  methane 


oxygen-air  mixtures,  while  the  detonation  velocities  and  energy  released  per 


pound  of  initial  gas  mixture  are  shown  in  Figures  2.21  and  2.22.  In  the  latter 


two  curves,  a difference  between  the  two  curves 


Feddersen,  Fugelso,  Ostrem  and  Watts  (1968)  have  demonstrated  that 


the  pressure-histories  obtained  at  the  model  end  of  a detonation  tube  are 


dependent  upon  four  parameters.  The  magnitude  of  the  profile  which  is 


proprotional  to  the  detonation  pressure;  the  snape  of  the  decay  curve  which 


is  a function  of , the  ratio  of  specific  heats  of  the  burnt  gas  mixture 


and  the  duration  or  time  scale  of  the  pressure  history  which  is  proportional 


to  the  length  of  the  detonation  tube  and  inversely  proportional  to  the 


detonation  velocity.  Two  basic  properties  of  the  detonation  which  are 


descriptive  of  the  magnitude  and  duration  of  the  flow  are  the  detonation 


pressure  and  the  detonation  velocity.  Figures  2.23  and  2.24  show  initial 


pressure  and  initial  composition  as  a function  of  detonation  pressure  and 


detonation  velocity.  On  each  figure  a network  composed  of  arcs  representing 


constant  initial  pressure  and  those  denoting  constant  composition  are  shown 


Figure  2.23  shows  mixtures  of  hydrogen  and  oxygen  over  a portion  of  the 


composition  range  considered  earlier.  The  more  hydrogen-rich  mixtures  are 


graph.  They  overlap  the  region  shown.  Two  types  of 


not  plotted  on  thi 


mixtures  are  shown  in  Figure  2.24.  The  solid  arcs  are  methane- oxygen 


mixtures,  tending  toward  the  oxygen-rich  end  of  the  composition  mixture 
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The  highest  detonation  velocities  are  repj-esented  by  the  mixture  O^/F  = 3/2, 

= 0.  The  methane- richer  mixtures  not  plotted  have  lower  detonation 
velocities  and  that  portion  of  the  gi'aph  would  overlap  that  shown  here.  The 
upper  portion  of  this  curve  (shown  in  dashed  lines)  represents  oxygen-methane- 
hydrogen  mixtures  of  the  same  series  described  for  the  detonation  parameters 
in  Figures  2.8  through  2.13.  The  mixtures  considered  in  Figures  2.23  and 
2.2U  lie  on  the  three  lines  CA,  AB,  BD  as  shown  in  Figure  2.1. 

2.3  Pressure-Tim.e  History  at  the  Model  End 

The  detonation  wave  initiated  by  the  ignition  of  an  appropriate 
detonable  gas  mixture  propagates  along  the  length  of  the  tube.  At  its 
point  of  initiation,  the  detonation  front  is  not  plane;  however,  after  the 
wave  has  propagated  a few  diameters  down  the  tube,  the  front  has  become 
almost  plane  and  conditions  immediately  behind  the  front  become  independent 
of  radial  position.  The  detonation  wave  and  other  flow  properties  exhibit 
small  dependence  on  any  radial  property  and  the  flow  is  essentially  one 
dimensional.  When  the  detonation  wave  reaches  the  model  end  of  the  tube, 
a compressive  shock  is  reflected  and  propagates  back  toward  the  detonator. 

The  flow  between  the  detonation  front  and  the  first  reflected  shock  can  be 
determined  from  the  similarity  solution  to  the  basic  conservation  equations. 

The  burnt  gas  mixture  is  assumed  to  be  a perfect  gas  with  a constant 
composition  given  at  the  detonation  front.  Further,  the  flow  is  assumed 
to  be  one  dim.ensional  from  its  inception.  The  flow  behind  the  reflected 
shock  front  has  been  evaluated  by  a numerical  integration  of  the  conserv- 
ation equations  for  mass,  momentum  and  energy  (Feddersen,  Fugelso,  Ostrem 
and  Watts,  1968;  Ostrem  and  Fugelso,  I967).  The  equations  for  the  nonisen- 
tropic  flow  of  a perfect  gas  were  written  in  characteristic  form  and  difference 
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equations  corresponding  to  the  differential  equations  were  formulated.  These 
difference  equations  were  used  unaided  only  in  regions  of  continuous  flow. 
Utilizing  the  Rankine-Hugoniot  equations  for  shock  front  behavior,  the 
progress  of  the  reflected  shocks  was  evaluated  explicitly. 

The  flow  variables  behind  the  detonation  can  be  expressed  in  terms  of 
nondimensional  variables,  the  pressures  behind  the  detonation  front  are 
proportional  to  the  detonation  pressure  and  the  flow  velocity  can  be 
measured  in  units  of  the  detonation  velocity.  The  pressure  profiles  at  any 
position  along  the  length  of  the  tube,  I =X/L,  is  a function  of  the  reduced 
time  variable,  T = Dt/L,  where  D is  the  detonation  velocity,  and  L is  the 
length  of  the  detonation  tube. 

After  the  detonation  wave  strikes  the  model  end  of  the  tube,  a 
reflected  shock  propagates  back  toward  the  detonator  end.  With  the  assump- 
tion that  the  model  end  is  rigid,  the  peak  reflected  pressure  may  be  estab- 
lished. The  peak  occurs  at  the  end  and  is  2.56  times  the  detonation  pressure. 
Figure  2.25>  reproduced  from  Feddersen,  Fugelso,  Ostrem  and  Watts  (1968), 
shows  the  propagation  of  the  detonation  front  and  the  reflected  shock  front. 
Figure  2.26  shows  the  pressure  as  a function  of  the  nondimensional  distance 
(x/l)  along  the  tube  for  several  sequential  times  during  the  first  two 
reflected  waves.  The  pressure-time  history  at  three  positions  in  the  tube 
are  shown  in  Figure  2.27.  The  pressure  is  shown  from  the  time  of  initiation 
of  the  detonation  until  the  arrival  of  the  second  reflected  shock.  At  the 
model  end  of  the  tube  the  following  sequence  of  events  occur:  (l)  a 

pressure  spike  as  the  detonation  wave  strikes  the  model  end  of  the  tube, 

(2)  a rapid  decay  of  pressure  until  the  pressure  reaches  'vPD/3,  followed  by 
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(3)  a period  of  almost  constant  pressure  until  the  next  shock  front  arrives. 
This  pattern  is  repeated  with  the  peak  pressures  becoming  gradually  smaller. 
Qualitatively  similar  descriptions  hold  for  otiier  positions  along  the  tube. 
Figure  2.28  siiows  the  peak  pressure  obtained  at  each  length  along  the  tube 
as  calculated  by  tills  one-dimensional  detonation  wave  model. 

It  must  be  emphasized  tiiat  this  grapii  of  peak  pressures  was  calculated 
from  a one-dLraensional  theory.  At  the  side  nearest  the  detonator,  higher 
peak  reflected  pressures  of  2.56  can  occur  during  the  earliest  stages 
of  ignition.  Tliis  highly  localized  effect  can  arise  if  two  conditions  are 
met;  (l)  the  induction  distance  for  the  detonation,  i.e.  lehgth  the 
initial  disturbance  must  travel  before  it  steepens  into  a detonation,  is 
less  than  the  radius,  (2)  the  side  wall  must  be  perpendicular  to  the  radial 
direction  at  the  nearest  point.  If  either  of  the  two  conditions  do  not  occur, 
the  peak  reflected  pressure  at  that  point  will  be  significantly  lower.  The 
semielleptical  head  design  of  the  15OO  PSI  Dynamic  Load  Simulator  is  such  to 
preclude  this  pressure  concentration. 

2.k  Selection  of  the  Initial  Mixture  and  Pressure 

Sections  2.1  - 2.3  have  demonstrated  the  detonation  parameters  for 
various  oxygen-methane-hydrogen-air  systems.  The  selection  of  the  initial 
composition  and  pressure,  and  thereby  the  gas  quantities  required  is  demon- 
strated in  this  section.  The  main  parameters  of  the  detonation  profile  at 
the  model  end  which  describes  the  resulting  pressure-time  history  are  the 
peak  reflected  pressure  and  some  .measure  of  the  duration  or  decay. 
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The  initial  mixture  compositions  and  initial  pressures  as  a function 
of  detonation  velocity  and  detonation  pressure  have  been  recast  in  a form 
deemed  more  convenient  for  direct  use  by  the  operators  of  the  1500  P3I 
Dj'namic  Load  Simulator.  The  two  independent  variables  are  the  two  descrip- 
tive parameters  of  the  pressure-time  curve  generated  at  the  model  end  of  the 
tube,  namely,  the  peak  reflected  pressure  and  the  time  that  it  takes  for 
the  pressure  history  to  decay  to  half  of  the  peak  pressure.  Symbolically, 

the  first  parameter  is  designated  by  p^^  and  the  second  by  t^.  The  peak 

2 

reflected  pressure  is  related  to  the  detonation  pressure  (for  a burnt  gas 
mixture  with  an  adiabatic  exponent  of  1.2)  by; 

Pr  ""  (1) 

From  the  pressure-time  history  shown  in  Figure  2.27,  the  pressure  profile 
decays  to  half  its  peak  value  during  a nondimensional  time  interval, 

T^  = 0.28  (2) 


Using  the  relationahips  between  the  nondimensional  time  and  real  time 


O.28L 

D 


with,  again,  L being  the  length  of  the  tube  and  D representing  the  detonation 
velocity. 


Figure  2.29  shows  the  initial  mixture  compositions  and  initial  gas 
pressures  as  a function  of  the  peak  reflected  pressure  and  half -pressure 
decay  time  for  a detonation  tube  with  L = kO  feet.  The  gas  mixture  is 
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Hg  " '^2'  intersecting  network  showing  lines  of  constant  initial  pressure 
and  lines  of  constant  composition  are  shown. 

Use  of  this  graph  is  shown  by  the  typical  point  a.  Suppose  the  follow- 
ing pressure  profile  at  the  model  end  is  desired:  (l)  the  peak  pressure 

should  be  15OO  psi  and  (2)  the  half -pressure  decay  time  should  be  2 msec. 

The  two  values  of  the  abscissa  and  ordinate  meet  at  point  a.  Linear 
interpolation  is  sufficiently  accurate  to  determine  the  initial  composition 
and  pressure.  In  this  example^  the  initial  pressure  is  approximately  2.9 
atmospheres  and  the  initial  composition  is  specified  by  the  mole  ratio  of 
0^  to  Hg  equal  to 

Figure  2.30  shows  the  peak  reflected  pressure  and  decay  time  to  half 
peak  pressure  for  selected  mixture  as  a function  of  initial  pressure 

and  composition.  The  solid  lines  indicate  methane-oxygen  mixtures  correspond- 
ing to  the  line  AC  on  the  ternary  composition  diagram  (Figure  2.l)  and  the 
dashed  lines  refer  to  the  three  component  mixtures  on  the  line  AB. 

All  graphs  have  been  calculated  for  a detonation  tube  length  of  40  feet. 
Adaptation  of  these  graphs  to  detonation  tubes  of  other  lengths  is  made  by 
changing  the  scale  of  the  decay  time  to  half  pressure.  Multiplication  of  this 
scale  by  L'/kO,  where  L'  is  the  length  of  the  detonation  tube  under  consider- 
ation, is  all  that  is  required.  As  an  example,  the  point  a in  Figure  2.29, 
for  a tube  of  length  27  feet  has  a decay  time  of  1.35  msec.  To  determine 
the  composition  and  initial  pressure  in  the  27  foot  tube  necessary  to  obtain 
a peak  reflected  pressure  of  2 psi  and  a decay  time  of  1 msec.,  one  should 

look  for  the  intercept  of  = 1200  psi  and  , _ (l)  = 1.48  msec 

K 27 

2 

(illustrated  by  point  b).  The  general  form  of  the  equation  is 
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Linear  interpolation  to  obtain  the  required  initial  conditions  is  similar 
to  the  prior  example. 

Similar  engineering  curves  for  determining  initial  pressure  and  compo- 
sition requirements  for  the  case  where  the  detonation  tube  initially  filled 
with  air  and  the  air  is  not  evacuated  from  the  tube  prior  to  gas  fill  are  included. 
Figure  2.31  shows  the  initial  data  for  0^  - gas  fill  and  Figure  2.32 
shows  the  same  data  for  0^  - CH^  gas  fill.  The  abscissa  and  ordinate  of 
these  graphs  are  again  the  peak  reflected  pressure  and  the  decay  time  to 
half  peak  pressure.  A net  of  curves  defining  initial  pressure  and  compo- 
sition requirements  to  attain  the  specific  conditions  is  plotted.  One  set 
of  arcs  are  labelled  for  constant  total  gas  pressure  (this  includes  all 
gas  in  the  tube,  both  the  oxygen-fuel  mixture  and  the  air  already  in  the 
tube.  To  obtain  the  partial  pressure  of  the  oxygen-fuel  mixture  to  be 
added,  subtract  one  atmosphere  from  the  indicated  amount).  The  intersecting 
set  of  arcs  is  labelled  by  the  O^/F  ratio  of  the  gas  mixture  which  is  injected 
into  the  tube. 

It  must  be  pointed  out  that  the  detonability  limits  for  the  gas  mixtures 
with  the  initial  volume  of  air  have  not  been  established.  This  criteria 
must  be  established  experimentally.  It  is  strongly  recommended  that  the 
detonability  limits  for  these  mixtures  be  established  by  the  appropriate 
experimental  methods. 
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2 . 5 Comparison  with  Air  Blast  Pressure  Irom  a 1 MT  Kucitiar  Blast 


One  possible  application  of  this  detonation  tube  is  the  simulation  of 
the  pressure  histories  anticipated  in  a surface  or  high  altitude  nuclear 
burst.  Erode  (19^^.)  summarizes  extensive  calculations  of  air  blast  pressure 
that  might  be  expected  from  large  yield  devices.  The  shape  of  the  pressure- 
histories  attainable  at  the  model  end  of  the  detonation  tube  indicate  that 
an  excellent  fit  may  be  obtained  during  the  early  portion  of  the  blast, 
namely  during  that  detonation  where  the  blast  overpressure  decays  from  its 
peak  value  to  one-half  its  peak  value.  This  time  is  denoted  by  l/2. 

Figure  2.33  shows  schematically  the  pressure  profile  and  this  decay  time. 

Also  shown  is  the  decay  to  half  peak  pressure  as  obtained  at  the  model  end 
of  the  detonation  tube.  Figure  2.3U  shows  the  decay  time  to  half  peak 
overpressure  for  a one  MT  nuclear  surface  burst  versus  the  peak  overpressure. 
The  decay  time  scales  as  the  cube  root  of  the  yield.  For  the  gas  detonation 
the  differences  in  decay  times  defined  from  Pj^/2  and  - P)/2  is  less  than 
2%.  Similar  statements  can  be  made  for  the  decay  times  defined  from  peak 
pressures  and  peak  overpressures  from  a surface  nuclear  burst  in  the  higher 
overpressure  regions  (AT  >100psi). 

Consideration  of  pressure  decays  after  the  decay  to  half-pressure  shows 
that  the  nuclear  overpressure  air  blast  profile  decays  faster  than  the  gas 
detonation  profiles.  The  nuclear  overpressure  curve  becomes  negative  after 
a finite  time,  indicating  absolute  pressures  below  ambient  condition  while 
the  gas  pressures  are  always  in  excess  of  the  initial  gas  pressure. 
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In  conclusion  the  gas  detonation  may  he  used  to  approximate  the  pressure 
profile  induced  by  a nuclear  surface  burst  from  the  peak  pressure  to  half- 
peak  pressure  with  a high  degree  of  accuracy.  For  decays  after  half -pressure 
the  gas  profile  is  higher  than  that  expected  from  the  nuclear  burst  and  the 
fit  is  less  adequate. 
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3 DETONATION  VELOCITY  FOR  DETONATIONS  IN  THE  TERNARY 
SYSTEM  OF  OXYGEN, METHANE  AND  HYDROGEN. 
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Figure  2.5  ENERGY  RELEASED  PER  UNIT  VOLUME  FOR  DETONATIONS  IN  THE 
TERNARY  SYSTEM  OF  OXYGEN,  METHANE  AND  HYDROGEN. 
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2.9  DETONATION  VELOCITY  FOR  DETONATIONS  IN  THE  TERNARY 
SYSTEM  OF  OXYGEN. METHANE  AND  HYDROGEN. 
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Figure  2.10  ENERGY  RELEASED  PER  POUND  OF  GAS  MIXTURE  FOR 

DETONATIONS  IN  THE  TERNARY  SYSTEM  OF  OXYGEN,  METHANE 
AND  HYDROGEN. 
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Figure  2.1 1 ENERGY  RELEASED  PER  CUBIC  FOOT  PER  ATMOSPHERE  OF  INITIAL 
PRESSURE  FOR  DETONATIONS  IN  THE  TERNARY  SYSTEM  OF  OXYGEN, 
METHANE  AND  HYDROGEN. 


Rgure  2.12  PEAK  FLOW  VELOCITY  FOR  DETONATIONS  IN  THE  TERNARY 
SYSTEM  OF  OXYGEN,  METHANE  AND  HYDROGEN. 


Figure  2.13  DETONATION  TEMPERATURE  FOR  DETONATIONS  IN  THE 
TERNARY  SYSTEM  OF  OXYGEN, METHANE  AND  HYDROGEN. 
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Figure  2.16  WEIGHT  DENSITY  OF  THE  GAS  MIXTURE  AS  A FUNCTION 
OF  THE  INITIAL  PRESSURE  FOR  DETONATIONS  IN  THE 
TERNARY  SYSTEM  OF  OXYGEN  , METHANE  AND  HYDROGEN. 
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Figure  2.17  ENERGY  RELEASED  PER  POUND  AS  A FUNCTION  OF  THE 
INITIAL  PRESSURE  FOR  DETONATIONS  IN  THE  TERNARY 
SYSTEM  OF  OXYGEN,  METHANE  AND  HYDROGEN. 
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Figure  2.18  ENERGY  RELEASED  PER  CUBIC  FOOT  PER  ATMOSPHERE  OF 

INITIAL  PRESSURE  AS  A FUNCTION  OF  THE  INITIAL  PRESSURE 
FOR  DETONATIONS  IN  THE  TERNARY  SYSTEM  OF  OXYGEN, 
METHANE  AND  HYDROGEN. 
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Figure  2.20  DETONATION  PRESSURE  AS  A FUNCTION  OF  THE  INITIAL 
PRESSURE  IN  ATMOSPHERES  FOR  AN  OXYGEN,  METHANE 
AND  AIR  SYSTEM. 
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Figure  2.21  DETONATION  VELOCITY  AS  A FUNCTION  OF  THE  INITIAL 
PRESSURE  IN  ATMOSPHERES  FOR  AN  OXYGEN,  METHANE 
AND  AIR  SYSTEM. 
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Figure  2.22  ENERGY  RELEASED  AS  A FUNCTION  OF  THE  INITIAL 

PRESSURE  IN  ATMOSPHERES  FOR  AN  OXYGEN^  METHANE 

AND  AIR  SYSTEM. 


0 50  100 

DETONATION  PRESSURE  - Atm. 


Figure  2.23  INITIAL  DETONATION  PARAMETERS  AS  A FUNCTION  OF 
DETONATION  VELOCITY  AND  DETONATION  PRESSURE  IN 
ATMOSPHERES. 
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Figure  2.25  POSITIONS  OF  DETONATION  FRONT  AND  REFLECTED 
SHOCK  FRONTS  AS  A FUNCTION  OF  TIME. 


Figure  2.26  PRESSURE  PROFILES  AT  SELECTED  TIMES  ALONG 
THE  LENGTH  OF  THE  DETONATION  TUBE. 
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Figure  2.28  PEAK  PRESSURE  VERSUS  DISTANCE  ALONG  THE 
DETONATION  TUBE. 
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Figure  2.29  INITIAL  DETONATION  PARAMETERS  AS  A FUNCTION  OF 
THE  PEAK  REFLECTED  PRESSURE  AND  DECAY  TIME  TO 
HALF  PEAK  PRESSURE. 
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Figure  2.30  INITIAL  DETONATION  PARAMETERS  AS  A FUNCTION  OF 
THE  PEAK  REFLECTED  PRESSURE  AND  DECAY  TIME  TO 
HALF  PEAK  PRESSURE . 
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Figure  2.31  INITIAL  DETONATION  PARAMETERS  AS  A 

FUNCTION  OF  PEAK  REFLECTED  PRESSURE  AND  DECAY 
TIME  TO  HALF  PEAK  PRESSURE- ONE  ATMOSPHERE 
AIR  INITIALLY  PRESENT. 
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Figure  2.32  INITIAL  DETONATION  PARAMETERS  AS  A 

FUNCTION  OF  PEAK  REFLECTED  PRESSURE  AND 
DECAY  TIME  TO  HALF  PEAK  PRESSURE- METHANE 
OXYGEN  ADDED  TO  AIR . 
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Figure  2.34  DECAY  TIME  TO  HALF  PEAK  OVERPRESSURE  VERSUS 
OVERPRESSURE  FOR  A ONE  MT.  SURFACE  NUCLEAR 
BURST  ADAPTED  FROM  BRODE  1964. 
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SECTION  3 


OPERATION 

Included  in  this  section  is  a description  of  the  control  systems  and 
information  necessary  to  perform  tests. 

. I Subsystem  Description 

Tiie  ancillary  equipment  required  to  efficiently  control  and  operate  the 
1500  psi  Dynamic  Load  Simulator  may  be  catagorized  into  three  basic  subsystems. 
They  are  the  Valve  & Manifold  Control  Box,  the  Monitoring  Control  Panel,  and 
other  miscellaneous,  auxiliary  equipment.  The  following  describes,  in  detail, 
the  equipment  these  subsystems  are  comprised  of. 

3.1.1  Valve  and  Manifold  Control  Box 

The  Valve  and  Manifold  Control  Box  is  shown  in  Figure  3-1-  This  unit's 
prime  function  is  to  provide  a remote,  semi-automatic  capability  of  loading 
the  detonable  gases  into  the  tube.  To  accomiplish  this  fiunction,  the  control 
box  contains  a pressure  sensing  system  and  a gas  loading  system. 

3.1.]  Pressure  Sensing  System 

The  essential  hardware  in  the  Pressure  Sensing  System  are  the  five 
pressure  sensing  switches,  shown  typically  in  Figure  3-2.  The  desired 
volumes  of  air,  oxygen,  methane  or  hydrogen  are  obtained  in  the  shock  tube 
by  monitoring  the  tube  pressure  with  the  pressure  sensing  switches.  Each 
pressure  swtich  has  the  capability  of  being  set  to  within  + 1 psig  or 
2 in.  Hg.  of  the  anticipated  pressure.  Reference  Figure  3.I,  the  pressure 
switch  shown  on  the  extreme  left  senses  the  amount  of  air  remaining  in  the 
tube  before  gas  loading.  Although  this  swich  has  the  capability  of  sensing 
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pressures  throughout  the  indicated  range  (0-28  in,  Hg.^  normally  it  would  be 
set  to  one  of  two  positions;  28  in.  Hg.  (no  air)  or  0 in.  Hg.  (l  atm  air). 
The  second  pressure  switch  from  the  left  senses  the  amount  of  oxygen  while 
the  tiiird  and  fourth  sense  the  amount  of  methane  and  hydrogen  respectively. 
The  fifth  pressure  switch  senses  the  accumulated  total  volumes  of  gas  loaded 
in  tiie  tube.  This  switch  precludes  ttie  possibility  of  an  accumulated  error 
from  the  oxygen,  methane,  and  hydrogen  pressure  switches.  Appendix  A shows 
that  an  error  ofjtl  psia  (2  in.  Hg.)  in  the  gas  loading  would  result  in  a 
+ 9.0  percent  error  in  the  detonation  and  peax  reflected  overpressures . 

All  five  pressure  switches  are  connected  to  a common  pressure  sensing 
manifold  along  with  a compound  pressure  gage  for  set  up  testing  (See  Section 
3.2.2)  and  a pressure  transducer  for  remote  reading  at  the  Control  Panel. 

The  manifold,  in  turn,  is  connected  by  13/32“  2000  psi  flexible  hose  to  the 
four-way  blast  valve.  (See  Figure  3.3-)  The  four-way  blast  valve  is  rated 
for  2000  psi  (air),  has  1 1/2  inch  ports,  and  is  air  cylinder  operated. 

Thru  the  blast  valve,  the  pressure  sensing  manifold  is  connected  to  the 
shock  tube  by  means  of  a pressure  sensing  line  which  has  a 5/16“  I.D.,  is 
25  ft.  long  and  rated  from  2000  psi  to  28  in.  Hg.  vacu-om.  At  the  shock 
tube  the  sensing  line  is  attached  as  shown  in  Figure  3. A.  The  connecting 
flange  shown  in  Figure  3-^  is  bolted  to  a mating  flange  on  the  shock  tube. 
Also  in  Figure  3.U  is  a Detonation  Sensing  Switch.  This  sensing  switch  is 
an  adjustable  (O-IOOO  psi)  pressure  switch  that  was  incorporated  into  the 
system  to  provide  immediate  preliminary  information  at  the  Control  Panel  of 
detonation  occurance. 
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3 • 1-  • 1 • 2 Gas  Loading  System 


The  detonahle  gases  (oxygen,  methane,  and  hydrogen)  are  stored  in 
standard  1 A cylinders  which  are  separately  manifolded  togettier  and  connected 
to  three  separate  gas  loading  valves  in  the  control  box  'by  independent  tuhing 
tliru  gas  regulators.  (See  Figure  3-5)  The  gas  loading  hall  valves  are  rated 
500  lb.  W.O.G.,  have  l-l/2  in.  ports,  carbon  steel  body  construction,  teflon 
seats  and  are  air  cylinder  actuated.  The  gas  loading  valves  are  connected 
to  a common  gas  loading  manifold  (Figure  3.6)  by  7/8"  2000  psi  flexible  hose. 
The  gas  loading  manifold  is  connected  to  the  shock  tube  thru  the  blast 
valve  by  means  of  a gas  loading  line.  This  line  has  a l"  I.D.  with  a Buna 
N liner,  is  35  ft.  long,  and  rated  for  2000  psi.  The  gas  loading  line  is 
attached  to  the  shock  tube  by  means  of  a connecting  flange  bolted  to  a mating 
flange  on  the  shock  tube . 

The  air  cylinders  mounted  on  the  three  gas  loading  valves  and  the  blast 
valve  require  air  (80  psi)  to  both,  extend  and  retract  the  control  rod  that 
closes  and  opens  the  valves.  Air  is  supplied  to  either  side  of  an  air 
cylinder  piston  by  tubing  connected  to  four-way  miniature  solenoid  valves. 
(Ref.  Figure  3-3).  Each  cylinder  operated  valve  has  its  own  separate  solenoid 
valve.  The  solenoid  valve  is  actuated  remotely  from  the  Control  Panel 
(Ref.  Section  3.1.2).  The  solenoid  valves  receive  air  from  the  pilot  valve 
manifold  (Ref,  Figure  3.6)  which  is  welded  to  the  framework  of  the  control 
box.  The  pilot  valve  manifold  is  supplied  with  air  from  a compresser  thru 
two  air  control  units.  (See  Figure  3-7)  The  purge  air  control  unit  regulates 
and  cleans  the  air  from  the  compresser.  It  has  1*'  NPT  ports,  regulates  from 
0-125  psi,  is  capable  of  150  CFM  maximum  flow,  and  removes  particulate  down  to 
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40  microns  in  size.  The  purge  air  control  unit  delivers  air  to  "both  the  shock 
tube  and  pilot  valve  air  control  unit  which  in  turn  supplies  air  to  the  pilot 
valve  manifold.  The  pilot  valve  air  control  unit  is  similar  to  the  purge  air 
control  unit  with  the  exception  that  the  former  has  l/k"  1{FT  ports  and  is  only 
capable  of  20  CFM  maximum  flow  rates . 

3.1.2  Monitoring  Control  Panel 
3. 1.2.1  Description 

Figure  3-8  depicts  the  face-on  view  of  the  Monitoring  Control  Panel. 

Each  control  and  indicator  lamp  is  clearly  labeled  as  to  the  function  initiated 
(controls)  and  the  resulting  circuit  ron-Jl  iior  (indicators).  All  controls 
are  of  the  momentary  push  button  type  with  but  four  exceptions.  The  MAIN  POWER 
SWITCH  (door  interlocked),  MODE  SWITCH  and  CAS  SELECTOR  are  rotary  switches 
while  the  POWER  SWITCH  is  of  tiie  "push-pull"  variety.  The  large  indicator 
lamps  require  II5V  for  circuit  operation  wni le  the  small  lamps  operate  in 
conjunction  with  individual  valve  position  switches  and  require  6.3V  for 
operation . 

Figure  3-9  is  the  face-on  view  of  the  unit  with  the  control  panel  door 
open.  All  circuit  control  and  time  delay  relays  are  mounted  on  the  upper 
chassis  sub-unit  and  are  clearly  labeled.  The  wiring  terminals  n'umber  from 
1 through  84-  on  this  sub-unit.  Terminal  No.  1 is  located  at  the  extreme  lower 
left;  terminals  running  consecutively  and  vertically  upward  through  No.  27, 
horizontally  left  to  right  (No.  28  through  No.  57)  and  vertically  downward 
(No.  58  through  No.  84).  The  unlabeled  relay  positions  are  not  used  in  the 
circuit  and  provide  storage  for  spare  control  relays. 
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Figure  No.  3*1-0  is  a close-up  view  of  the  unit  interior.  The  Monitoring 
Control  Schematic,  (See  Appendix  B)  presents  reference  designations  for 
component  parts.  All  designations  contained  in  Section  3.1.2  and  h.2  are 
referenced  to  this  drawing. 

The  large  Three-Pole  Disconnect  Switch  (S3)  located  in  the  lower  left 
hand  corner  provides  Main  Power  control  and  also  includes  the  main  line  Fuses 
FI,  F2  and  F3.  Immediately  to  its  right  is  the  Vacuum  Pump  Contactor  (MR), 
the  function  of  which  is  to  provide  3 phase  power  control  to  the  vacuum  pump. 
In  the  lower  right  hand  corner  the  large  Transformer  (T1)  provides  step-down 
and  isolation  from  one  main  power  phase  to  the  control  voltage,  i.e., 
nominally  II5V.  A.C. 

The  four-pole  Relay  (iPR)  located  to  the  upper  left  of  this  transformer 
provides  control  for  the  II5  V.  A.C.  The  small  Transfomer  (t4)  to  the 
immediate  right  of  this  relay  steps  down  the  control  voltage  to  6.3  V.  A.C. 
for  use  in  valve  position  indication.  The  Fuse  (f6)  and  fuse  block  to  the 
right  of  this  transformer  provides  fusing  in  the  6.3V.  circuit. 

Figure  3 *11  depicts  the  inner  right  hand  surface  of  the  Monitoring 
Control  Panel.  The  twin  procelain  fuse  block  mounts  the  control  voltage 
Fuses  (f4  and  F5).  Immediately  above,  the  Power  Supply  and  Signal  Converter 
Unit  (SC-l)  is  mounted  to  the  Control  Panel  side  wall.  This  unit  in  conjunc- 
tion with  the  Panel  Meter  (Ml)  and  the  pressure  transducer  located  in  the 
Valve  and  Manifold  Control  Box  provides  remote  monitoring  of  shock  tube 
pressure  (absolute).  Figure  No.  3*12  is  a close-up  view  of  the  rear  of  the 
Control  Panel  door.  Control  switch  and  light  identification  is  made  by 
reference  to  the  individual  titles  on  the  reverse  side. 
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3. 1.2. 2 Circuit  Operation 


The  signal  liow  diagram  (Figure  No.  3-13)  provides  a.n  overall  picture 
of  the  individual  control  and  indicator’  lamp  circuit  functions  and  also  the 
circuit  relationships  between  the  control  relays.  Each  solid  block  with  the 
particular  relay  reference  designation  shown  therein  depicts  the  position 
of  the  individual  relay  coils  in  the  circuit.  In  some  cases  a number  of 
relays  must  be  paralleled  to  provide  the  necessary  number  of  contacts  (See 
Attachment  B),  however,  in  ail  instances  a single  solid  block  is  shown.  A 
number  of  identical  relay  reference  designations  are  enclosed  in  dotted  lines 
on  the  diagram.  These  blocks  indicate  the  circuit  position  of  one  or  m.ore 
sets  of  contacts  of  the  particular  relay (s)  referenced  therein.  Control 
switches  are  shown  in  a simplified  form  and  a distinction  is  made  between  the 
main  power  flow  (dashed  lines)  and  the  controlled  power  flow  (solid  lines.) 

Circuit  operation  will  be  discussed  in  three  separate  sections  as  follows*. 
Power  Control  and  Program  Preparation,  Air  or  Detonable  Gas  Loading,  and  Ignition 
Sequence.  Circuit  flow  begins  at  the  lower  left  hand  corner  of  the  diagram  and 
proceeds  to  the  right.  The  uppermost  portion  of  tne  diagram  is  alloted  to 
those  adjustable  switches  and  valve  solenoids  remotely  located  from  the 
Monitoring  Control  Unit,  i.e.,  in  the  Valve  and  Manifold  Control  Box. 

3. 1.2. 2.1  Power  Control  and  Program  Pi’eparation 

Three  phase  main  power  is  controlled  by  the  main  power  disconnect 
switch  which  when  actuated  provides  power  at  t.ne  contacts  of  tl^e  Vacuum  Pump 
Contactor  (MR)  and  also  provides  primary  power  to  the.  Control  Transformer  (Tl). 
The  control  power  (secondary  of  Tl)  is  controlled  by  the  power  switch,  which. 
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when  closed,  actuates  the  power  Relay  (iPR)  provided  that  the  Safe  Air  Switch 
(iPS)  is  closed  (sufficient  air  supply  for  valve  operation)  which  in  turn  operates 
Control  Relay  (iPCR).  With  the  previous  conditions  attained,  the  Vacuum  Pump 
Switch  may  now  be  turned  on,  energising  the  Famp  Contactor  (MR)  and  permitting 
control  voltage  to  appear  at  the  Evacuation  Switch  (2PS)  and  at  both  the 
EVACUATION  and  PRESSURE  DECREASE  controls.  Evacuation  must  be  preceeded  by  a 
CLOSED  VENT  condition  (iCR  energized  and  self  latched).  This  may  be  accomplished 
by  actuating  the  VENT  switch  provided  that  Time  Delay(lTD) has  timed  out  (Vent 
Timer  light  not  illuminated).  A minimum  vent  open  time  of  approximately  10 
minutes  is  imposed  when  the  power  is  first  turned  on  (2PCR)  or  the  previous 
program  involved  one  or  more  of  the  three  detonable  gases  (5CR).  Conversely,  a 
VENT  CLOSED  condition  is  forced  during  the  Ignition  Sequence  period  (15CR).  A 
VENT  open  condition  always  involves  an  Air  Firge  (4CR);  disabled  when  the 
Program  Relay  (3CR)  is  latched  closed. 

Tube  evacuation  is  started  by  actuating  the  EVACUATION  control  which 
latches  up  relay  (2CR)  providing  the  Vent  Relay  (iCR)  is  closed  and  the 
Program  Relay  (3CR)  is  not  latched  up.  Evacuation  proceeds  until  the  vacuum 
setting  of  the  Evacuation  Pressure  Switch  is  reached.  At  that  time  the 
Vacuum  Pressure  Switch  latches  up  the  Prograiri  Relay  (3CR)  through  the  vent 
closed  contacts  of  ICR.  At  the  same  time  the  switch  drops  out  relay  I9CR 
permitting  the  EVACUATION  COMPLETE  light  to  Illuminate.  Subsequent  raising 
of  the  tube  pressure  and,  therefore,  return  of  the  Evacuation  Switch  to  its 
original  position  does  not  drop  out  the  Program  Relay  (30B)>  as  it  is  self- 
latching.  The  program  may  be  stopped  only  by  opening  the  tube  vent,  i.e., 

STOP  PROGRAM  or  by  turning  the  power  off  either  at  the  POWER  or  MAIN  POWER 
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controls.  The  evacuation  switch  action  however,  does  reactivate  relay  I9CR 
permitting  the  PRESSURE  DECREASE  momentary  control  to  be  used,  provided  that, 
no  detonahle  gas  (5CR)  has  entered  the  tube  for  that  particular  program. 

The  EVACUATION  COMPLETE  light  will  no  longer  illuminate  with  the  increase  of 
tube  pressure,  however  a Program  Relay  (3OR)  latch  up  may  be  confirmed  by 
observing  the  condition  of  the  TEST  or  SET  UP  indicator  lights.  One  of  these 
lights  will  illuminate,  depending  upon  the  position  of  the  MODE  switch, 
thereby  confirming  the  prograiri  condition.  The  MODE  switch  may  be  changed  at 
any  time.  However,  once  one  or  more  the  the  detonable  gases  have  entered  the 
tube,  the  Mode  Relay  (HCR)  latches  5CR  in  the  TEST  position  for  that  particular 
program. 

3. 1.2. 2. 2 Air  and  Detonable  Gas  Loading 

Gas  loading  proceeds  with  the  advent  of  a program  latch  up.  The  SET  UP 
mode  of  operation  will  be  described  first,  as  this  procedure  preceeds  the 
actual  detonable  gas  loading  and  subsequent  detonation  in  normal  equipment 
usage.  All  tescing  and  associated  procedures  are  described  in  detail  in 
Section  3.2. 

The  GAS  SELECTOR  switch  is  positioned  for  the  number  and  type  of  gases 
to  be  used  and  the  MODE  switch  is  placed  in  the  SET  UP  position.  For  the 
purposes  of  this  discussion  it  will  be  assummed  that  all  three  gases  (simulated) 
are  to  be  used.  The  Time  Load  Jumper  is  to  be  considered  in  the  position  shown. 

A Time  Modulated  Gas  Loading  circuitry  was  incorporated  into  the  control  cir- 
cuitry to  provide  for  intermittent  gas  loading.  The  purpose  of  this  system 
is  to  alternately  load  slugs  of  oxygen,  methane  and/or  hydrogen  to  enhance  the 
gas  mixing  process  should  it  become  necessary.  The  required  volumes  of  detonable 
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gas  would  have  to  he  preraeasured  prior  to  gas  Loading  into  the  shock  tube. 

A discussion  on  Time  Modulated  Gas  Loading  circuitry  will  follow  later  in  this 
section . 

Momentarily  depressing  the  AIR  CHARGE  control  latches  up  the  Compressed 
Air  Solenoid  through  Relay  ^CR,  provided  that,  the  Blast  Valve  is  open  (i8CR), 
the  Mode  Relay  (HCR)is  in  the  SET  UP  position,  the  first  gas  (oxygerj  relay  is 
inactivated  (8CR)  and  the  Program  Relay  (3CR)  is  latched  in.  The  latter 
relay  locks  out  the  VENT  control  of  the  Compressed  Air  solenoid  as  it  enables 
AIR  CilARGE  loading  in  the  SET  UP  Mode.  The  air  charging  continues,  raising 
the  pressure  in  the  tube  until  the  pressure  setting  of  the  Oxygen  Pressure 
Sensing  Switch  is  reached.  At  this  time  the  Oxygen  Relay  (8CR)  is  activated 
(as  selected  by  the  SET  UP  Mode  switch,  i.e.,  HCB),  dropping  out  the 
Compressed  Air  Solenoid  Relay  (4CR)  and  illuminating  the  0^  light.  Relay 
itCR  is  now  controlled  through  the  IICR  - 8CR  relay  path,  the  latter  relay 
contacts  being  enabled  by  the  transfer  action  of  the  oxygen  loading  circuit. 
Depressing  the  CHARGE  control  once  again  raises  the  tube  pressure  toward  the 
setting  of  the  Methane  Pressure  Sensing  Switch.  Actuation  of  this  switch 
energizes  relay  IICR  thereby  transfering  control  to  the  14-CR  - IICR 
(hydrogen)  loading  path,  dropping  out  ^CR  and  illuminating  the  CHj^  light. 

A similar  action  occurs  for  the  loading  of  the  simulated  hydrogen  gas  charge. 
During  the  entire  loading  process  all  related  pressure  sensing  switch 
settings  may  be  trimmed  and  adjusted  through  use  of  the  PRESSURE  DECREASE  and 
PRESSURE  INCREASE  controls.  The  operation  of  the  former  control  has  previously 
been  described  while  the  latter  is  a momentary  push  button  control  which  operates 
to  bypass  the  simulated  gas  loading  paths.  This  control  is  subject  to  the  same 
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circuit  constrictions  however,  as  those  previously  descrihed  for  simulated 
gas  loading  (i.e,  the  Blast  Valve  open  (l8Cfi),  the  MODE  control  in  SET  UP 
(HCR),  and  the  program  relay  latched  in  (3CR)). 

Upon  completion  of  the  simulated  hydrogen  loading  the  Blast  Valve  is 
closed  By  the  transfer  action  of  relay  ikCR  as  selected  By  the  Mode  relay 
and  suBsequent  closing  of  relay  l8CR . The  action  of  the  latter  disaBles 
any  additional  AIR  CHARGE  loading. while  the  Blast  Valve  is  in  the  closed 
position.  All  three  simulated  Gas  Relays  (8CR^  11  CR,  and  l^i-CR)  are  not 
self -latching  and  therefore  may  Be  dropped  out  during  the  SET  UP  procedure. 
This  feature  permits  the  resetting  of  one  or  more  of  the  gas  pressure 
sensing  switches  and  suBsequent  pressure  rechecking  during  the  Air  Charge 
Loading,  During  the  Ignition  Sequence  however,  tne  Hydrogen  Relay  (i4CR) 
is  held  energized  By  the  Ignition  Program  Relay  (15CR}  through  HCR.  This 
action  forces  the  Blast  Valve  to  remain  closed  during  the  Ignition  Sequence. 

The  loading  of  the  detonaBle  gases  proceeds  in  a similar  manner  to  that 
descriBed  for  the  AIR  CHARGE  program  aBove,  however,  a number  of  notaBle 
circuit  constrictions  are  imposed.  The  GAS  SELECTOR  switch  will  electrically 
remain  in  any  one  of  the  three  positions  when  the  MODE  switch  is  placed  in 
the  TEST  position.  TuBe  evacuation  and  the  achievement  of  a program  latch- 
up  is  identical  to  that  descriBed  for  the  SET  UP  mode  of  operation.  With 
the  advent  of  the  program  latch-up,  the  TEST  indicator  lamp  will  Become 
illuminated, indicating  the  sense  of  the  mode  relay  HCR.  The  imposed  circuit 
constrictions  are  as  follows;  (l)  the  Compressed  Air  loading  circuit  and 
PRESSURE  INCREASE  control  is  disabled;  (2)  necessary  gas  loading  circuits, 
are  enabled,  depending  upon  the  position  of  the  GAS  SELECTOR  switch* 
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(3)  the  Oxygen,  Methane  and  Hydrogen  Pressure  Sensing  Switches  will  now 
operate  relays  fCR,  lOCR , and  13  OR  respectively,  and  (i+)  the  action  of  relay 
I3CR  will  now  control  the  closing  of  the  Blast  Valve  (18OR). 

Gas  loading  may  now  proceed  ly  momentarily  depressing  the  OXYGEIJ  control. 
The  subsequent  action  of  Oxygen  Relay  (60R)  operates  the  oxygen  solenoid 
through  the  Blast  Valve  Relay  (i8CR)  and  activates  the  self-latching 
Detonable  Gas  Sensing  Relay  (5CR)  imposing  additional  operational  restrictions. 
Actuation  of  the  Methane  relay  (90R)or  Hydrogen  Relay  (l2  OR)  would  also 
operate  5CR.  These  restrictions  are  (l)  the  PRESSLTiE  DECREASE  control  is 
disabled,  (2)  a minimum  tube  vent  open  time  is  imposed  by  the  action  of  5CR  on 
ITD  when  the  program  is  eventually  stopped  and  (3)  the  Mode  Relay  (HCR)  is 
locked  in  the  test  position.  Tiie  Oxygen  Relay  (6JR)  is  self- latch: ng  and  not 
breakable  except  by  the  action  of  the  Oxygen  Pressure  Sensing  Switch  operating 
Relay  TOR  or  stopping  the  program,  the  methods  of  which  have  been  previously 
described.  The  actuation  of  Relay  7CR  disables  the  Oxygen  gas  loading  circuit 
and  enables  the  methane  loading  circuit.  This  circuit  transfer  is  noted  by 
the  illumination  of  t.te  Op  light,  signaling  the  completion  of  the  oxygen  load- 
ing. Depressing  the  tiETHANE  gas  charging  control  loads  this  gas  until  the 
setting  of  tne  Methane  Pressure  Sensing  Switch  is  reached  in  the  tube  circuit 
operation  is  similar  to  that  for  the  oxygen  loading,  i.e  , Relay  lOGR  operating 
to  disable  the  methane  loading  line  wr.ile  simultaneously  enabling  the  hydrogen 
loading  circuit  to  operate.  Upon  completion  of  the  hydrogen  loading  as 
evidenced  by  the  illuird nati on  of  tt  e ligrt  (,0^  and  CHj^  light  also  illumin- 
ated for  three  gas  loading),  the  transfer  action  of  Relay  13CR  disables  the 
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hydrogen  loading  circuit  wt.i  le  closing  the  Blast  Valve  and  deactivating  the 
Blast  Valve  Relay  (iS'JR;.  This  relay  act, on  disa'rle..  any  possi'Dle  additional 
oxygen  or  metnane  loading  wiLh  the  Blast  Valve  closed.  The  Hydrogen  loading 
circuit  is  inherently  protected. 

The  Gas  Selector  Switch  serves  the  following  circuit  f^^nctions  in 
both  the  SET  UP  and  TEST  modes  of  operation.  It  (l)  enacles  only  those  gas 
loading  circuits  and  associated  Pressure  Sensing  Switches  to  operate  that  are 
selected,  (2)  enables  only  the  proper  gas  indicating  lights  to  illuminate  and 
(3)  provides  drive  voltage  in  the  second  (O^  - --  or  third  (O^  - H^) 

positions  for  time  modulated  gas  loading  operation.  The  latter  method  of 
operation  is  achieved  by  removing  the  Time  Load  Jumper  from  its  present 
indicated  position  and  coniie. ting  it  in  the  dotted  line  circuit  position 
shown  in  Figure  3-P3-  Pt  will  be  noted  that  in  this  position  the  gas  sensing 
Relay  5CR  is  held  closed  as  soon  as  a Program  .Relay  latch -up  is 

achieved.  All  the  circuit  restrictions  previously  listed  for  an  energized 
5CR  relay  are  now  applicable.  Removing  the  jumper  from  its  present  indicated 
position  completely  disables  the  gas  loading  anJ  pressure  sensing  switch 
circuits  for  both  the  oxygen  and  methane  gase-,  and  thereby  indirectly 
disables  the  hydrogen  loading  control  thru  t'ne  blocXing  action  of  Relay  lOCR. 
The  ydrogen  pressure  sensing  switch  circuit  is  operaole, however , and  serves 
to  control  the  final  total  gas  load  pres.vare  by  disabling,  the  drive  voltage 
(13CR)  at  the  particular  pressure  switch  setting.  This  metnod  of  operation 
includes  the  same  evacuation  and  program  latch-up  procedure  that  has  been 
previously  described,  however,  the  Mode  switch  is  placed  directly  in  the 
TEST  position  and  the  jumper  is  repositioned,  (See  Appendix  B.)  It  is 
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suggested  that  the  drive  voltage  be  used  to  operate  a sip.all  ilOV.  A.C,  motor 
which  in  turn  drives  three  prograraed , cam  operated,  gas  switches.  The 
same  drive  voltage  is  then  controlled  by  t;ie  individual  switches  on  a time 
sharing  basis,  each  switch  operating  the  particular  gas  loading  solenoid. 

The  three  switches  referred  to  above  MUST  be  series  interlocked  so  that  only 
one  gas  solenoid,  l.e.,  gas  valve  may  be  open  at  any  given  time. 

3 . 1 . 2 . 2 . 3 Ignition  Sequence 

The  Ignition  Sequence  circuit  operates  in  an  identical  manner  for  both 
the  Set  Up  and  Test  modes  of  operation  with  but  two  exceptions.  These 
exceptions  involve  (l)  a RETEST  control  (optional),  which  is  operational  in 
the  Set  Up  (air)  mode  only,  and  (2)  an  extended  restart  disable  period  which 
functions  in  the  Test  (detonable  gas)  mode  only. 

The  Time  Bar  Graph,  Figure  3-1^;  depicts  the  time  relationships  between 
the  various  relays  and  time  delay  relays  in  this  circuit.  The  dashed  horizon- 
tal lines  and  associated  titles  in  parenthesis  indicate  circuit  operations 
associated  with  a Retest  operation.  The  remaining  dashed  horizontal  lines 
indicate  circuit  conditions  peculiar  to  detonacle  gas  operation  (TEST)  and 
are  appropriately  labeled.  The  vertical  dashed  lines  depict  time  coincidence 
between  various  circuit  component  operations  and/or  control  intiat'ions. 
Reference  to  this  graph  and  the  Signal  Flow  Diagram,  Figure  3-13>  will  aid  in 
- lerstanding  the  following  text. 

fo:.  •ompleti on  of  the  air  or  detonable  gas  loading  operation,  the 

‘ relays  lUCR  (air)  or  I3CP  (detonable  gas)  closes  tne  Blast  Valve 
• 'gnition  sequence  to  be  started  constrained  by  the  following 
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(a)  The  Program  Relay  (3CR)  is  latched  closed. 

(b)  The  Overcharge  Pressure  Sensing  Switch  is  not  actuated,  i ,e,  the 
GAS  OVERCiLARGE  light  is  not  illuminated. 

(c)  The  Vacuum,  Vent,  Air  and  Blast  Valve  interlock  switches  are  all 
closed,  thereby  confirming  all  four  valves  are  closed. 

(d)  Relay  l6CR  is  not  actuated,  i.e.,  a previous  Ignition  Sequence 
has  timed  out . 

(e)  The  Remote  Ignition  Jack  is  not  being  used  and  therefore  is  in  the 
shorted  (closed)  position. 

(f)  The  Time  Delay  Relay  (iTD)  is  timed  out,  i .e . ,contacts  closed. 

Depressing  the  Ignition  START  momentary  control  self-latches  the  Ignition 
Relay  (15CR)  in  the  actuated  condition  and  illuminates  the  IGNITION  SEQUENCE 
STARTED  light.  Simultaneously  a set  of  contacts  of  this  relay  imposes  a 
holding  voltage  on  the  Vent  Relay  (ICR)  to  insure  a Vent  Closed  condition, 
while  a separate  set  of  contacts  places  a holding  voltage  on  either  13CR  or 
l4CR  to  insure  a Blast  Valve  closed  condition.  Along  with  actuation  of  relay 
15CR,  Time  Delay  Relays  2TD  and  3‘TD  begin  their  timing  cycles.  Relay  2TD 
provides  for  a 10  second  period  of  audio  warning  wnile  3TD  times  out  a 15 
second  period  prior  to  the  application  of  ignition  voltage.  At  the  end  of 
this  15  second  period  a separate  set  of  contacts  of  15CR  provides  self- 
latching holding  voltage  that  is  not  interruptable  except  by  a power  shut 
down.  (Note  shaded  area  under  15CR  in  Figure  3-l^*)  Prior  to  this  time  the 
Ignition  Sequence  may  be  interrupted  by  depressing  the  STOP  button  should 
this  action  be  desired.  A new  Ignition  Sequence  may  then  be  started  or  the 
shock  tube  vented  of  the  detonable  gas  or  air  load  as  conditions  require. 
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Upon  completion  of  the  timing  period  of  3TD  (iS  seconds)  the  ignition 
voltage  is  applied  for  a period  of  10  seconds  as  determined  by  the  timing 
cycle  of  UTD.  The  subsequent  transfer  action  of  this  time  delay  relay 
interrupts  tlie  ignition  and  simultaneously  initiates  the  timing  cycle  of 
relay  5TD.  A separate  set  of  contacts  of  relay  4TI)  operates  to  self-latch 
relay  l6CR(now  energized).  The  dropping-out  of  relay  IpCR  disables  all  time 
delay  relays  including  5TD  while  relay  l60R  remains  self -latched . In  the 
case  of  a SET  UP  mode  of  operation,  this  relay  will  remain  latched  until  the 
RETEST  button  is  depressed,  breaking  the  holding  voltage  and  permitting  an 
additional  ignition  sequence.  In  the  TEST  mode  of  operation,  the  delayed 
drop  out  of  5CR  at  the  instant  of  tube  venting  transfers  control  to  the 
auxiliary  contacts  of  ITD  for  a holding  period  of  approximately  30  seconds 
on  relay  l6CR.  During  this  period  tne  IGNITION  SEQUENCE  COMPLETE  and  the 
DETONATION  SENSOR  lights  will  remain  illuminated.  The  DETONATION  SENSOR  light 
circuit  operates  upon  closure  of  the  Detonation  Sensor  switch,  which  self- 
latches  relay  17CR  and  illuminates  the  Detonation  Sensor  lamp. 

Remote  Ignition  Sequence  control  may  be  used  through  use  of  a two  wire 
cable,  a mating  plug  for  the  front  panel  jack  and  a suitable  single-pole- 
single-throw  switch.  Plug  cable  and  switch  are  interwired  so  as  to  provide 
a simple  switch  control  across  the  tip  and  ring  connections  of  the  plug; 
the  sleeve  section  of  the  3~way  plug  is  not  used.  The  lest  Conductor  plus 
a remote  operator  are  required  to  start  the  Ignition  Sequence  in  this  type 
of  operation.  Both  must  close  their  individual  switch  controls  to  start 
the  sequence.  Once  started,  the  sequence  may  be  interrupted  only  at  the 
Control  Panel. 
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3.1.3  Auxiliary  Equipment 


The  auxiliary  equipment  may  be  classified  into  tnree  subsystems.  They 
are  the  purge  air  system,  tlie  vacuum  system  and  tiie  gas  ignition  system. 

The  purge  air  system's  prime  f\inction  is  to  purge  the  products  of  com- 
bustion from  the  shock  tube  before  and  after  each  test.  The  system  also 
serves  as  a simulated  detonable  gas  for  set  up  testing.  The  system  consists 
of  a purge  air  inlet  valve  assembly  (see  Figure  3.15)  and  a purge  air  vent 
valve  which  is  part  of  a vent-vacuum  valve  assembly  (see  Fig>are  3-l6). 

The  purge  air  inlet  valve  is  connected  to  the  lowest  mating  flange  on  the 
shock  tube  and  to  the  air  compressor  through  the  purge  air  control  unit 
(reference  Section  3-1.1.2).  Ttie  purge  air  valve  is  rated  for  1-000  psi  (air), 
has  I-I/2"  NPT  ports,  and  is  air  cylinder  actuated.  Tne  operation  of  the 
purge  system  valves  is  through  miniature  solenoid  valves  and  the  control 
panel.  The  vent  and  vacuum  valves  are  identical.  Both  are  rated  for  2000 
psi  (air),  have  l"  NPT  ports  and  are  air  cylinder  actuated.  The  operation 
of  the  vacuum  and  vent,  valves  is  through  a miniature  solenoid  valve  and  the 
control  panel.  The  assembly  is  attached  to  the  uppermost  mating  flange  on 
the  shock  tube , 

The  vacuum  system's  function  is  to  remove  the  ambient  air  in  the  shock 
tube  prior  to  detonable  gas  loading.  The  air  is  removed  because  of  its  high 
nitrogen  content  which  retards  the  detonable  gas  reaction.  The  effects  of 
air  upon  the  reaction  parameters  is  discussed  in  Section  2. 2. 2,1.  The 
vacuum  system  consists  of  a vacuum  pump,  vacuum  valve,  and  connecting 
vacuum  line.  The  single  stage  vacuum  pump  is  V-belt  driven  by  a ^ HP, 
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3 phase,  60  Hertz,  220/^+l+0  volt,  l800  RPM  electric  motor.  The  vacuum  pump 
has  a pumping  speed  of  75  >-'FM  in  the  intended  range  (c-28  in.  Hg  vacuum) 
and  an  ultimate  evacuation  capability  of  10  microns.  The  shock  tube 
evacuation  time  and  vacuum  line  size  calculations  are  presented  in  Appendix  C. 
The  vacuum  line  has  a l"  ID  with  a Buna  N liner,  is  40  ft.  long  and  rated  for 
28  inches  Hg. 

The  f'anction  of  the  gas  ignition  system  is  to  provide  a sufficient  amount 
of  energy  to  initiate  a detonation  reaction  in  the  gas  mixture.  The  energy 
is  provided  by  means  of  an  automotive  spark  plug.  The  spark  plug  is  energized 
by  a high  voltage  step-up  transformer.  The  primary  winding  of  the  transformer 
is  supplied  with  110  V.A.C.  and  the  secondary  winding  delivers  a nominal 
30,000  V.A.C.  to  the  spark  plug  thru  automotive  ignition  leads.  There  are  two 
complete  ignition  systems  mounted  at  the  very  top  of  the  shock  tube  along  the 
longitudinal  axis.  Also  included  in  each  ignition  system  is  an  ignition 
monitor  unit.  This  device  includes  a capacity  probe  mounted  coaxially  around 
the  spark  plug  lead,  an  isolation  high  voltage  capacitor  and  an  110  volt  A.C. 
contact  protector.  The  latter  two  components  provide  for  personnel  and 
circuit  protection  against  the  unlikely  possibility  tnat  the  capacity  probe 
and/or  the  high  voltage  cable  it  surrounds  would  experience  a voltage  break- 
down. A conriector  mounted  on  the  unit  allows  coaxial  cable  attachment  for 
remote  oscilloscope  monitoring.  The  oscilloscope's  picture  presents  a 
characteristic  waveform  when  a normal  arc  condition  is  present  at  the  plug 
points.  This  wave  form  is  characterized  by  voltage  drop-outs  and  reinforce- 
ments at  both  the  positive  and  negative  peaks  of  the  indicated  sine  wave. 

An  unshorted  plug  that  is  not  arcing  at,  all  presents  an  oscilloscope  picture 
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of  an  undistorted  and  uniform  sine  vave.  A considerable  amount  of  leakage 
at  the  plug  points  reduces  this  wave  foriTj  in  amplitude  (secondary  voltage  low 
due  to  loading)  to  tiie  point  wtiere  a completely  shorted  plug  would  indicate  a 
straight  line  on  tiie  oscilloscope  face. 

3.2  Testing, 

The  necessary  sequence  of  events  leading  to  the  successful  operation  of 
the  1500  psi  Dynamic  Load  Simulator  is  contained  in  this  suhsectlon . The 
sequential  operations  are:  Test  Preparation;,  Set  Up  Testing  Procedure,  and 

Live  Testing  Procedure.  Each  of  these  operations  is  detailed  'below. 

3.2.1  Test  Preparation 

Prior  to  testing  of  any  sort,  certain  steps  need  to  "he  accomplished. 

These  steps  may  "be  conveniently  segregated  as  follows: 

1.  Assure  the  system  is  assembled  as  shown  in  Figure  1.1.  It  is  recom- 
mended that  Initial  testing  be  confined  to  the  10  ft.  horizontal 
tube  built  for  use  as  a training  aid.  After  the  sequence  of  oper- 
ations and  detonability  of  a gas  mixture  is  established,  then  the 
150c  psi  Dynamic  Load  Simulator  may  be  used. 

2.  Determine  the  gas  constituents,  mole  ratio  and  initial  pressure  of  the 
intended  live  test.  (See  Section  2.U).  Record  these  values  in  the 
appropriate  space  on  the  Checklist.  See  Appendix  D for  Sample  Check- 
list. Also  record  the  vacuum,  oxygen,  methane,  hydrogen,  overcharge 
and  detonation  sensing  switch  values  in  the  appropriate  space  on  the 
checklist.  Appendix  D also  contains  an  example  calculation  to 
determine  sensing  switch  values. 
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3.  Turn  on  air  supply  and  adjust  the  puige  air  regulator  to  I50  psi  for 
the  large  tube  or  80  psi  for  the  small  tube 

h.  Adjust  the  control  air  regulator  to  73  psi. 

5.  Set  the  air  supply  pressure  switch  at  100  psi  for  the  large  tube  or 
70  psi  for  the  small  tube. 

6.  Assure  220  V AC  is  available  at  the  control  panel. 

7.  Assure  cooling  water  is  available  for  the  vacuum  pump. 

3.2.2  Set  Up  Testing  Procedure 

The  purpose  of  a set  up  testing  procedure  is  two  fold.  First,  it  allows 
the  Test  Engineer  to  operate  the  entire  control  sequence  with  air  simulating 
deconable  gases  so  that  a visual  inspection  of  ti.e  operating  functions  may  be 
noted  to  establish  the  working  integrity  of  the  system.  Second,  it  is  a 
convenient  method  to  assure  the  calibration  of  the  pressure  sensing  switches. 

The  following  steps  are  to  be  performed  prior  to  any  Live  Testing  and  sub- 
sequent to  steps  outlined  in  Test  Preparation. 

1.  At  the  Control  panel,  turn  "ON"  the"Main  Power"  switch  and  "Pull-On" 
the  panel  "Power"  switch. 

2.  Verify  the'Tower  On"  and  "Air  Supply"  lights  are  illuminated. 

3.  Verify  the  "Air  Valve  Open"  light,  "Vent  Valve  Open"  light,  "Blast 

Valve  Open"  light,  and  "Vent  Timer  On"  light  are  illuminated  and  all 
other  valve  position  lights  are  "Closed".  NOTE:  the  vent  timer  will 

be  automatically  activated  for  approximately  10  minutes.  During  this 
time  steps  U through  5 accomplished 
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4.  Turn  the  "Mode"  switch  to  the  "Set  Up"  position. 

5.  Turn  the  "Gas  Selector  Switch"  to  the  appropriate  position.  NOTE: 
The  appropriate  position  of  the  gas  selector  switch  should  have  been 
entered  in  the  Checklist  as  part  of  the  Test  Preparation  procedure. 

6.  After  the  "Vent  Timer"  light  goes  off,  depress  and  release  the  "Tube 
Vent  Close"  push-button  switch. 

T.  Verify  the  "Vent  Closed"  light  is  illuminated.  NOTE:  At  this  time 

the  "Blast  Valve  Open"  light  should  be  illuminated;  all  other  valve 
lights  indicate  "Closed". 

8.  At  the  Valve  and  Manifold  Control  Box,  set  the  vacuum,  oxygen, 

methane,  hydrogen,  and  overcharge  pressure  switches  to  their  appro- 
priate value.  Record  these  settings  on  the  Checklist  in  the  space 
provided.  NOTE:  The  appropriate  values  should  have  been  entered  in 

the  Checklist  as  part  of  the  Test  Preparation  Procedure. 

9.  At  the  Control  Panel  depress  and  release  the  "Vacuum  Pump  On"  push- 
button switch. 

10.  Verify  the  "Vacuum  Pump  On"  light  is  illuminated. 

11.  Depress  and  release  the  "Evacuation  Start"  push-button  switch. 

12.  Verify  the  "Evacuation  Started"  light,  the  "Vacuum  Valve  Open"  light 
and  the  "Blast  Valve  Open"  light  are  illuminated.  All  other  valve 


indicator  lights  should  show  "Closed" 


13.  Observe  the  absolute  tube  pressure  on  the  meter  at  the  Control  Panel 
and  the  gauge  in  the  Valve  and  Manifold  Control  Box.  Verify  both 


meter  and  gauge  are  indicating  a drop  in  pressure. 
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lU.  After  a maximum  of  30  minutes  for  the  large  tube  or  10  minutes  for 
the  small  tube,  verify  the  "Evacuation  Complete"  and  the  "Vacuum 
[ Valve  Closed"  lights  are  illuminated. 

15.  Verify  the  "Set  Up  (Air)"  indicator  light  becomes  illuminated  at 

the  same  time  as  the  "Evacuation  Complete"  light;  thereby  confirming 
; the  setting  of  the  Mode  switch,  NOTE;  Do  not  proceed  unless  the 

I "Mode"  switch  is  in  the  "Set  Up"  position. 


16.  If  the  vacuum  indicated  on  the  meter  and  ga'uge  are  within  + 2 in.  Hg 
(1  psi)  of  the  vacuum  pressure  switch  setting  proceed  to  Step  24;  if 
not,  continue. 

IT.  If  the  vacuum  pressure  swtich  was  set  so  that  there  is  an  insufficient 
vacuum  in  the  tube  proceed  to  Step  I8.  If  there  is  too  much  of  a 
vacuum  in  the  tube  proceed  to  Step  22. 

18.  Move  the  vacuum  pressure  switch  indicator  to  a higher  setting  on  the 
dial  until  the  "Evacuation  Complete"  light  is  no  longer  illuminated. 

19.  Depress  and  hold  the  "Pressure  Decrease"  push-button  switch  until  the 
desired  vacuum  is  indicated  on  both  meter  and  gauge. 

20.  If  the  desired  vacuum  level  is  not  reached  before  the  "Evacuation 
Complete"  light  becomes  illuminated,  repeat  Step  18. 

21.  When  the  desired  vacuum  level  is  reached,  slowly  move  the  vacuum 
pressure  switch  indicator  bach  to  the  point,  and  no  further,  where 
the  light  is  once  again  illuminated.  Go  to  Step  24. 

22.  Depress  and  hold  the  "Pressure  Increase."  push-button  switch  until  the 
desired  vacuum  is  indicated  on  both  meter  and  gauge. 
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23.  Move  the  vacuum  pressure  switch  indicator  to  a lesser  vacuum  so  that 
the  "Evacuation  Complete"  light  is  no  longer  illuminated.  Slowly 
return  this  control  to  the  point  at  which  this  light  is  once  again 
illuminated . 

SIMULATED  OXYGEN  GAS  LOADING 

2k.  Depress  and  release  the  "Air  Charge  Start"  push-button  switch. 

NOTE;  The  "Evacuation  Complete'  light  will  no  longer  illuminate. 

25.  Verify  the"Alr  Valve  Open"  light  and  the  "Blast  Valve  Open"  light 

are  illuminated.  All  other  valve  indicator  lights  should  show  closed. 

26.  Observe  the  absolute  tube  pressure  on  the  meter  at  the  Control  Panel 
and  the  ga'uge  in  the  Valve  and  Manifold  Control  Box.  Verify  both 
meter  and  ga'uge  are  indicating  an  increase  in  pressure. 

27.  After  a period  of  time,  verify  the  "Oxygen  (O^) " light  is  illuminated. 

28.  If  the  pressure  indicated  on  the  meter  and  gauge  are  within  + 1 psi 

or  (2  in.  Hg)  of  the  oxygen  pressure  switch  setting  proceed  to  Step  34; 
if  not,  continue. 

29.  If  the  oxygen  pressure  switch  was  set  so  that  there  is  an  insufficient 
pressure  in  the  tube  proceed  to  Step  30.  If  there  is  too  much  pressure 
in  the  tube  proceed  to  Step  32. 

30.  Depress  and  nold  the  "Pressure  Increase"  push-button  switch  until 
the  desired  pressure  is  indicated  on  both  meter  and  gauge. 

31.  Move  the  oxygen  pressure  switch  indicator  to  a higher  pressure  so 
that  the  "Oxygen  (O2)"  light  is  no  longer  illuminated.  Slowly  return 
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the  oxygen  pressure  switch  indicator  until  tne  "Oxygen  (Og)"  light 
illuminates.  Go  to  step  -U. 

32.  Depress  and  hold  the  "Pressure  Decrease"  push-button  switch  until 
the  desired  pressure  is  indicated  on  both  meter  and  gauge. 

33-  Move  the  oxygen  pressure  swtich  indicator  to  a higher  pressure  so 
that  the  "Oxygen  (O^)"  light  is  no  longer  i ll’aminated . Slowly 
return  the  oxygen  pressure  switch  indicator  until  the  "Oxygen  (Og)" 
light  illuminates. 

SIMfJLATED  METHANE  l.AS  LOADING 


34.  Depress  and  release  tie  "Air  Charge  Start"  push-button  switch. 

i 

35-  Verify  the  "Air  Valve  Open"  light  and  the  "Blast  Valve  Open"  light 
are  illuminated.  All  other  valve  indicator  lights  should  show 
closed . 


40.  Depress  and  hold  the  "Pressure  Increase"  push-tutton  switch  until 
the  desired  pressure  is  indicated  in  both  meter  and  gauge 

41,  Move  the  methane  pressure  switch  indicator  to  a higher  pressure  so 

that  the  "Methane  light  is  no  longer  illuminated.  Slowly 

return  the  methane  pressure  switch  indicator  until  the  "Methane  (CH^)" 
light  illuminates.  Go  to  step  kK . 

k2 . Depress  and  hold  the  "Pressure  Decrease"  push-button  switch  until 
the  desired  pressure  is  indicated  on  both  meter  and  gauge, 

43.  Move  the  methane  pressure  switch  indicator  to  a higher  pressure  so 
that  tne  "Methane  (CH^)"  light  is  no  longer  ill'aminated . Slowly 
return  the  methane  pressure  switch  indicator  until  the  "Methane  (CH^)" 
light  illuminates 

SIM'o'LAIED  HYDROGEN  GAS  LOADING 

44.  Depress  and  release  the  "Air  Charge  Start"  push-button  switch. 

45.  Verify  the  "Air  Valve  Open"  Light  and  the  "blast  Valve  Open"  light 
are  ilLuminated . All  other  indicator  lignts  should  show  closed. 

46.  Observe  the  absolute  tube  pressure  on  the  meter  at  the  Control  Panel 
and  the  gauge  in  the  Valve  and  Manifold  Control  Box.  Verify  both 
meter  and  gauge  are  indicating  an  increase  in  pressure. 

4t.  After  a period  of  time,  verify  the  "Hydrogen  )"  light  is  illuminated. 

48.  If  the  pressure  indicated  on  the  meter  and  gauge  are  within  + 1 psi  or 
2 in.  Hg  of  .the  oxygen  pressure  switch  setting, proceed  to  Step  54; 
if  not,  continue. 
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li-9-  If  hydrogen  pressure  switcl.  was  set  so  that  there  is  an  insufficinet 
pressure  in  the  tube  proceed  to  Step  90.  If  there  is  too  much  pressure 
in  the  tube  proceed  to  Step  52. 

50.  Depress  and  hold  the  "Pressure  Increase"  push-button  switch  until 
the  desired  pressure  is  indicated  on  both  meter  and  gauge. 

51.  Move  the  nydrogen  pressure  switch  indicator  to  a higher  pressure  so 

that  the  "Hydrogen  (H^)"  light  i s no  longer  Illuminated.  Slowly  return 

the  hydrogen  pressure  switch  indicator  until  the  "Hydrogen  (H^)" 
light  illuminates,  lo  to  step  5^. 

52.  Depress  and  hold  the  "Pressure  Decrease"  push-button  switch  until 
the  desired  pressure  is  indicated  on  both  meter  and  gauge 

53.  Move  the  hydrogen  pressure  switch  indicator  to  a higher  pressure  so 

that  the  "Hydrogen  (Hg)"  light  is  no  longer  ill'aminated . Slowly 

return  the  hydrogen  pressure  switch  indicator  until  the  "Hydrogen 
(Hg)"  light  illuminates. 

5^*-.  Verify  the  "Gas  Overcharge"  light  is  not  illuminated.  Depress  and 
release  the  "Vacuum  Pump  Off"  push-button  switch. 

SIMULATED  IGNITION  SEQUENCE 

55.  Confirm  the  following  Control  Panel  status  prior  to  initiating 
Ignition  Sequence  Start. 

(a)  All  valve  "Closed"  lights  are  illuminated. 

(b)  The  "Air"  light  is  not  illuminated. 

(c)  The  oxygen  light  in  con, junction  with  the  Methane  and/or  Hydrogen 
lights  are  ill'aminated. 
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NOTE:  The  'Gas  Selector"  switch  detenranes  which  of  the  latter  two 

indicators  may  not  he  applicatle. 

(d)  The  "Vent  Closed",  "Set  Vp  (Air)",  "Air  Supply"  and  "Power  On" 
lamps  are  illuminated. 

56.  Station  an  observer  with  an  oscilloscope  at  the  ignition  monitor 
station,  the  scope  being  cabled  to  the  ignition  monitor  jack,  (s)  and 
operating  to  observe  a 60  cycle  basic  frequency  pattern  at  a level 
of  approximately  1/2  volt . 

57.  Depress  and  release  the  "Ignition  Sequence  Start"  push-button  switch 
(T-15  sec. ) . 

58.  Verify  the  "Ignition  Sequence  Started"  light  is  i nominated . 

59.  Verify  the  buzzer  is  sounding  at  the  Valve  Manifold  Control  Box 

(T-15  to  T5  sec.).  NOTE:  The  Ignition  Sequence  may  be  interrupted 

for  any  reason  up  to  time  T-0  by  depressing  and  releasing  the 
"Ignition  Sequence  Stop"  push-button  switch.  A new  complete  sequence 
will  then  have  to  be  initiated  as  in  Step  57  above.  Beyond  T-0  the 
sequence  is  not  i nterruptable  except  by  turning  "Off"  the  "Main  Power" 
switch  or  pushing  "Off"  the  "Power"  push-button. 

60.  Scope  monitor  the  ignition  voltage  at  both  of  the  ignition  monitor 
jacks.  Observe  a character! Stic  pattern  lor  normal  spark  plug 
operation.  (l-O  to  T *■  10  sec.) 
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61.  Verify  the  "Ignition  Sequence  Complete"  larr.p  is  ill-nminated  (T 

6o  sec.).  NOTE;  A new  ignition  sequence  may  now  be  Inltirted  if 
required  by  depressing  and  releasing  the  "Ignition  Sequence  Retest" 
push-button.  Proceed  to  Step  No,  57  above  to  initiate  a new 
sequence . 

62.  Clear  the  tube  of  the  air  charge  by  depressing  and  releasing  the 
"Stop  Program"  (Tube  Vent  Open)  push-button.  NOTE.  This  maybe 
done  for  any  reason  during  the  gas  loading  procedure  (Set  Up  or 
Test)  or  during  the  Ignition  Sequence  with  the  exception  of  the 
period  T-0  to  T 60  sec. 

3.2.3  Live  Testing  Procedure 

The  following  steps  are  to  be  performed  only  after  Test  Preparation  and 
the  Set  Up  Procedure  have  been  accomplisi ed  Tnis  procedure  only  covers  the 
sequential  operation  of  the  shock  tube  and  ancillary  equipment.  No  mention 
is  made  of  intermediate  steps  associated  with  the  test  specimen  and  instru- 
mentation. 

1.  At  the  control  panel,  turn  "On"  tne  "Main  Power"  switch  and  "Pull- 
On"  the  panel  "Power"  switch. 

2.  Verify  the  "Power  On"  and  "Air  Supply"  lights  are  illuminated. 

3.  Verify  the  "Air  Valve  Open"  light,  "Vent  Valve  Open"  light,  "Blast 

Valve  Open"  light,  and  "Vent  Timer  On"  light  are  illuminated  and  all 
other  valve  position  lights  are  "Closed"  NOTE:  The  vent  timer  will 

be  automatically  activated  for  approximately  10  minutes.  During  this 
time  Steps  4 and  5 may  be  accomplished 


OENERAL.  AIVIERICAM  RESEARCH  aiVCSICUV 

92 


U.  Tvirn  the  "Mode"  switch  to  the  "Pest,"  position. 

5.  Turn  the  "Gas  Selector  Switch''  to  the  appropriate  position.  NOTE. 

The  appropriate  position  of  the  gas  selector  switch  should  have  been 
entered  in  the  Checklist  as  part  of  the  Test  Preparation  procedure. 

6.  After  the  "Vent  Timer"  light  goes  off,  depress  and  release  the  "Tube 
Vent  Close"  push-button  switch. 

7.  Verify  the  "Vent  Closed"  light  as  illuminated,  NOTE.  At  this  time 
the  Blast  Valve  Open"  light  should  be  illuminated;  all  other  valve 
lights  indicate  "Closed" 

8.  At  the  Control  Panel  depress  and  release  the  "Vacuum  Pump  On"  push- 
button switch. 

9.  Verify  the  "Vacuum  Pump  On"  light  is  illuminated. 

10.  Depress  and  release  the  "Evacuation  Start"  push-button  switch. 

11.  Verify  the  "Evacuation  Started"  lights  the  "Vacuum  Valve  Open"  light, 
and  the  "Blast  Valve  Open"  light  are  illuminated  All  other  valve 
indicator  lights  should  show  "Closed" 

12.  Observe  the  absolute  tube  pressure  on  the  meter  at  the  Control  Panel 
and  the  gauge  in  the  Valve  and  Manifold  Control  Pox.  Verify  both 
meter  and  gauge  are  indicating  a drop  in  pressure. 

13.  After  a maximum  of  30  minutes  for  the  large  tube  or  10  minutes  for 
the  small  tube  verify  the  "Evacuation  Complete  and  the  Vacuum  Valve 
Closed"  lights  are  illuminated. 


AMEPICAtV  BESEARCW  OlVISIOIW 


QENEnAI. 


93 


11+.  Verify  the  Test  (DetonabLe  Gas)"  indicator  light  becomes  illuminated 
at  the  same  time  the  Evacuation  Complete"  lights,  thereby  confirming 
the  setting  of  the  Mode  switch 

15.  If  tlie  vacuum  indicated  on  the  meter  and  gauge  are  not  within  + 2 in 
Hg  (1  psi)  of  the  vacuiim  pressure  switch  setting, abort  the  test  by 
depressing  the  "Stop  Program"  push-button  switch. 

16.  Adjust  the  oxygen,  methane  and  hydrogen  gas  regulators  to  liOO  psi 
each  for  the  large  tube  or  50  psi  each  for  the  small  tube.  NOTE: 
Regulator  adjustment  is  only  required  on  those  gases  intended  for  use 

17.  Assure  the  immediate  area  surrounding  the  tube  is  evacuated  of  all 
personnel . 

0X7GEN  GAS  LOADING 

18.  Depress  and  release  the  "Oxygen  Gas  Charging"  push-button  switch. 

NOTE:  The  "Evacuation  Complete"  light  will  no  longer  illuminate. 

19.  Verify  the  "Oxygen  Valve  Open"  light  and  the  "Blast  Valve  Open" 
light  are  illuminated.  All  other  valve  indicator  lights  must  show 
closed . 

20.  Observe  the  absolute  tube  pressure  on  the  meter  at  the  Control  Panel. 
Verify  the  meter  is  indicating  an  increase  in  pressure. 

21.  After  a period  of  time,  verify  the  "Oxygen  (Og)"  light  is  illuminated 

22.  If  the  pressure  indicated  on  the  meter  is  not  within  1 psia  of  the 
oxygen  pressure  switch  setting, abort  the  test  by  depressing  the  Stop 
Program"  push-button  switch. 
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METHANE  GAS  LOADING 


23.  Depress  and  release  the  "Metnane  Gas  Charging"  push-button  switch. 

2k.  Verify  the  "Methane  Valve  Open"  light  and  the  "Blast  Valve  Open" 
light  are  illuminated.  All  other  valve  indicator  lights  must  show 
closed . 

25.  Observe  the  absolute  tube  pressure  on  the  meter  at  the  Control  Panel. 
Verify  the  meter  is  indicating  an  increase  in  pressure. 

26.  After  a period  of  time,  verify  the  "Methane  (CHj^)"  light  is  illuminated 

27.  If  the  pressure  indicated  on  the  meter  is  not  within  + 1 psi  of  the 
methane  pressure  switch  setting  abort  the  test  by  depressing  the 
"Stop  Program"  push-button  switch. 

HYDROGEN  GAS  LOADING 

28.  Depress  and  release  the  "Hydrogen  Gas  Charging"  push-button  switch. 

29.  Verify  the  "Hydrogen  Valve  Open"  light  and  the  "Blast  Valve  Open" 
light  are  illtuninated . All  other  valve  indicator  lights  should  show 
closed . 

30.  Observe  the  absolute  tube  pressure  on  the  meter  at  the  Control  Panel. 
Verify  the  meter  is  indicating  an  increase  in  pressure. 

31.  After  a period  of  time,  verify  the  "Hydrogen  (H^)"  light  is  illuminated 

32.  If  the  pressure  Indicated  on  the  meter  is  not  within  + 1 psi  of  the 
hydrogen  pressure  switch  setting  or  the  "Gas  Overcharge  light  is 
illuminated,  abort  the  test  by  depressing  the  Stop  Program  push- 
button switch. 


AMERICAN  RESEARCH  DIVISION 

95 


OENERAL. 


IGNITION  SEQUENCE 


33.  Confimi  the  following  Control  Panel  status  prior  to  initiating  Ignition 
Sequence  Start. 

(a)  All  valve  "Closed"  lights  are  illuminated. 

(h)  The  "Air"  light  is  not  illuminated. 

(c)  The  oxygen  light  in  conjunction  with  the  Methane  and/or  Hydrogen 
lights  are  illuminated, 

NOTE;  The  "Gas  Selector"  switch  determines  which  of  the  latter  two 
indicators  may  not  he  applicable. 

(d)  The  "Vent  Closed",  "Test",  and  "Power  On"  lamps  are  illuminated. 

34.  Depress  and  release  the  "Ignition  Sequence  Start"  push-button  switch 
(T-I5  sec . ) . 

35-  Verify  the  "Ignition  Sequence  Started"  light  is  illuminated. 

36.  Verify  the  buzzer  is  sounding  at  the  Valve  Manifold  Control  Box 
(T-15  to  T-5  sec.).  NOTE;  The  Ignition  Sequence  may  be  interrupted 
for  any  reason  up  to  time  T-0  by  depressing  and  releasing  the 
"Ignition  Sequence  Stop"  push-button  switch.  A new  complete  sequence 
will  then  have  to  be  initiated  as  in  Step  3^  above.  Beyond  T-0  the 
sequence  is  not  interruptable  except  by  turning  "Off"  the"Main  Power" 
switch  or  pushing  "Off  the  Power"  push-button, 

37.  Verify  the  "ignition  Sequence  Complete"  lamp  is  illuminated  (T  + 

60  sec . ) . 

38.  Determine  the  status  of  the  "Detonation  Sensor  light.  Record  the 
status  in  the  Checklist 
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39.  Depress  and  release  the  "Stop  Program"  push-button  switch. 

40 . The  Ignition  Sequence  Complete"  lanip  will  become  extinguished  after 
a period  of  approximately  30  seconds  after  Step  39. 

3.2.U  Detonation  Data  Evaluation 

There  are  tliree  detonation  parameters  that  may  be  conveniently  measured 
to  define  a pressure  signature  in  the  I500  PSI  Dyanamic  Load  Simulator.  They 
are  the  detonation  velocity,  detonation  pressure  and  the  peax  reflected  pres- 
sure. The  detonation  velocity  and  detonation  pressure  are  independant  variables 
that  depend  upon  the  gas  consituents,  mole  ratio  and  initial  pressure  of  the 
detonable  gas  mixture.  The  peak  reflected  pressure  will  always  be  2.56  times 
the  detonation  pressure.  By  knowing  any  one  of  the  three  detonation  parameters 
a pressure-time  signature  may  be  defined  by  theory.  (See  Section  2.) 

The  detonation  velocity  can  be  empirically  ietermined  by  measuring  the 
detonation  wave  times -of -arrival  over  fixed,  known  distances.  These  times  can 
then  be  used  to  determine  average  detonation  velocities  over  the  known  distance. 

The  detonation  and  peak  reflected  pressures  are  measured  with  both  strain 
gage  and  piezoelectric  pressure  transducers.  The  purpose  of  the  dual  measure- 
ments are  to  provide  the  data  evaluator  with  a cross-check  and  a means  to 
eliminate  characteristic  difficulties  in  interpretation  of  data  from  each  gage. 
The  measured  pressure  should  be  a compromise  of  the  two  readings. 
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During  the  course  of  data  evaluation  it  may  be  noted  that  in  some  cases 
there  is  not  an  exact  agreement  between  the  predicted  and  measured  parameters. 
The  data  evaluator  must  then  decide  which  data  most  represents  the  real  condi- 
tions that  occurred.  In  general,  the  evaluatOiA'  decision  must  be  tempered  by 
engineering  .judgement  and  a certain  amount  of  experience  in  interpreting  data 
of  this  type.  However,  certain  confidence  levels  may  be  assigned  to  the  three 
measured  parameters.  The  first,  second  and  third  most  accurate  data  measured 
will  be  the  detonation  wave  times -of-arrival  (detonation  velocity),  the 
detonation  pressure, and  the  peak  reflected  pressure,  respectively. 
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Figure  3.3  VALVE  CONTROL  BOX  BACK  VIEW 
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Pilot  Valve  Manifold 


Gas  Manifold  Connection 
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Figure  3.8  MONITORING  CONTROL  PANEL 
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Figure  3.9  MONITORING  CONTROL  PANEL 
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Figure  3.14  TIME  BAR  GRAPH 
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Sr  '.'.T'ON 

KAlNThtiAMCi-  .iN'D  TKO’JBLfc.SHOOTIMG 

This  stit’tion  t'Ontains  t.ha  ii.l'or'iiat  i ot.  required  to  ensure  a continued 
operational  I'aciiity,  a;  u 'on'ajns  a f^uide  ’ o iUen'.ii'y  mali'unction  in 
control  electro;.!',  r . 

4.1  Mailiten.ai.ce 

Maintenance  or'  the  iSOO  psi  Dynamjc  Load  Simulator  requires  very  little 
er’Tort.  Tlie  minor  mair:Te:,a;:oe  tnat  rs  neceosa.-y  may  be  categorized  into  two 
types,  i.e.,  pi'eventive  n.ai.n»  etiance  and  periodic  maintenance. 

4.1.1  Preventive  Mai r.tt. nance 

When  used  indoors,  t.he  1500  psi  Dynamic  Load  Simulator  requires  no 
preventive  maintenance.  The  entire  assembly  was  designed  and  fabricated  with 
durability  built  into  ea.  h system.  This  does  not  itriply,  however,  that  certain 
systems  (e.g.,  pnenumatic  a.nd  eiectricai  liras)  can  suffer  an  unlimited  amount 
of  physical  abuse . 

If  tne  simulator  is  moved  to  a remote  outdoor  site,  it  is  recommended 
that  the  Monitoring  Conti’ol  Panel,  Valve  and  Manifold  Control  Box,  and  Vacuum 
Pump  be  housed  in  a protective  s'lrucfure . These  svstems  were  not  designed 
for  outdoor  use  without  shelter'.  .4  tn'tective  cover  would  De  necessary  for 
the  simulator  firing  t ransfor’tner'S  and  spark  plugs,  lor  ext  nded  storage  out- 
doors, it  is  recommerided  ’hat  aii  vn.ives  be  removed  fr'om  the  shock  tube  and 
that  the  connecting  flanges  be  replaced  '.«ith  blind  flanges. 
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h.L.2  Periodic  Mai 

Ottie!'  thci;;  norir.dl  ■ it-.a-ui  at. a » ub r ■ ■ i ot  o!'  the  valves  and  vacuum 

pump,  only  the  spark  plu^^s  rcjuiiv  periocii-  maintenance,  i.e.,  cleaning 
and  regappiug.  Ttiis  primarily  r-.f'-rn,  '.r.  igriiiGn  spark  plugs  located  at 
the  top  of  the.  l‘>00  psi  Dyi.aiia  Li,ad  oimiialnt,  however,  the  same  periodic 
maintenance  would  be  reqar-J  * ^park  p.ugs  used  to  oonain  detonation 
wave  time-oi‘-arri  val  ini'orm-i' i-,;.  t n,  tr.ai.  shock  tupe.. 

The  procedui’e  for  de.t  erir.i  ni  :.g  whetner  the  Ignition  spai'k  plug  requires 
periodic  maintenanoe  i discussea  in  Sr,i  tion  3.i.3'  Tne  interval  at  which 
periodic  maintenance  must  be  performed  on  the  cpark  plug  is  a function  of  the 
amount  of  free  ■ arcor  in  ’lie  prod  ,.-.’.3  of  combustion.  The  greater  the  amount 
of  free  carbon  available,  the  greater  the  frequency  of  periodic  maintenance. 

t.2  System  'Troubleshooting 

4.2.1  Introduction 

It  is  anticipated  that  tne  majority  of  circuit  malfunctions  will  be 
traceable  to  tne  failure  of  one  or  m.i  re  control  re.iays  in  the  Monitoring 
Control  Panel-  .'Utnough  false  control  panel  Light  indication  may  accompany 
a relay  failui'e,  normal  circuit  operation  without  proper  light  indication 
would  most  likely  be  caused  by  a bur'ned-out  bulb.  As  .such,  the  panel  bulbs 
would  be  the  I!.  Jt  item  checked.  All  panel  culbs  are  replaceable  from  the 
front  of  tne  unit  without  opening  tne  panel  door. 

A.  2. 2 Trouble  shoot,  ing  Procedure 

The  Signal  Flow  Diagram  I Figure  j.lj.)  may  be  used  in  conjunction  with 
an  A.C.  voltmeter  of  ^000  ohm/vi  It  .sensitivity  or  higher  to  troubleshoot 
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the  ir.ajoi'iiy  >-'t‘  . irvuii  ma  1 1 'u  i tioi:.-. . Tuia  uiagt'ai:.  itidi  ates  terminal  numbers 
ar.d  the  assOv' iat-ed  intei\  >;!..■  f:i  t i.ng  wire  imbers  used  in  wiring  the  Monitoring 
Jor.trol  Panel  to  tne  Vd..v-:  ana  Ma!  i:''  ,d  ;o;  • r-oi  Bo/.,  idertical  nimoered 
terminals  were  intervired  betw-.e:  ’tie  two  neits.  Tiierel'ore  the  terminals 
in  the  Valve  and  Mai.ii'old  dontrti  no/  -orr'esponu  in  number  to  those  shovin 
in  the  dignal  rdow  I’l.agram  for  ttie  Moidiorit.g  Conr.rol  Panel.  Identical 
voltage  meaSLirett.e.nts  may  be  mad-  a’  either  n.it  wit.n  cei'tain  exceptions. 

These  exceptions  invoive  the  pi  wer  On  coin  rul  circuits. 

Voltage  troubleshooting  at  the  Monitoring  Gor.trol  Panel  lequires  that 
the  panel  door  be  opened  and  tne  power  disconnect  switch  (S3)  be  bypassed. 

This  is  accomplished  by  ro'a’ing  the  switch  ex’-ensior.  handle  90°  clocksiwe. 

NOTE;  ThxS  hat.iie  ma.i’  be  re'.jrned  to  its  original  position 
prior-  to  iOsinj'  t.tie  pane:  door- 

CAUTION:  NANdEPOUS  VOLTAUF  Lc'VPiLS  EXIAT  XUTHIN  THIS  UNIT; 

EXERCIdE  SUITABLE  .lAPZ  w'HEK  OIPCUIT  TFOUBLESHOOTING. 

Control  voltage  f.f.ominal ly  lib  volts  A.O.)  may  now  be  measured  between 
terminals  30  and  83.  IP  sufficient  air  for  valve  operation  is  available  as 
determined  by  the  Air  Supply  Pressure  Sensing  Switch,  the  control  voltage 
ca.n  also  be  measured  between  te.r-tninais  31  ^i-hd  83>  and  tne  Air  Supply  lamp 
will  be  illuminated  Pulling  the  Po-we.r  Swithc  to  the  ON  position  will  bring 
control  voltage  between  ter-rrunals  8p  and  84.  The  control  handle  lamp  and 
panel  Power  ON  lamp  will  now  become  r li-jntnated. 
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The  above  se^ueii  e inscribes  su  operation  and  nonrio.i  voltage  measure- 

nient 3 at  thu  terniinals  list^.d.  -jhouid  a cir  iit  i'ajlt  develop  in  this  portion 
oT  the  'init,  the  number  oi'  . omp orients  ar  a in’ erviiiung  bevween  them  is  easily 
t’ollowed  on  the  Control  S-.  hemati  drawing  ('.Appendix  E)  and  serviciiig  should 
present  no  pr’oblem. 

In  Table  4.1,  the  voir, age  at  the  terminal  number  listed  is  given 

Tor  vai'ious  controj.  oper'ations.  In  some  instances,  a circuit  change  or  trans- 
fer will  normally  occur  automatically  liring  a specific  part  of  the  program 
sequence.  For  these  occurrences,  tne  transfer’  action  is  listed  in  parenthesis 
*ntne  Control  Operation  column.  I.n  ail  ca^es,  exce.p’  the  vent  timer  light, 
the  voltage  measured  at  each  termirral  is  with  reference  to  terminals  IJo.  1 
or'  No.  84  ( ' ommon  ’wir’ed)  and  is  schemaficallji  snown  in  .Appendix  B as  L2-C0M. 

The  terminal  number  and  voltage  required  at  that  location  is  shown  in  the 
seco.nd  column  of  Table  4.1.  The  third  column  gives  the  latching  or  holdirig 
relay  (where  applicable)  for  the  operation  iisted.  This  column  also  lists, 
in  parenthesis,  the  applicable,  indicator  limp,  when  illuminated,  and  associated 
tem.ir.al  number  for  the  particular  opera’ ion  or’  '^.ransfer  action.  The  low 
voltage  ’.'alve  position  lamps  are  not  .isted  ir.  Table  4,1.  Their  illumination 
is  controlled  entirely  cy  cam-actua*ed  micr’oswitches  mounted  at  the  valve- 
operating  shafts.  The  fourth  column  in  Table  u.l  lists  tne  relayts)  involved 
with  the  particular  control  oper’ation  or  transfei’  action.  Where  an  associated 
terminal  voltage  measurement  may  be  made  foi’  a particular  relay  listed,  the 
the  termi.nal  number  a..' d corr'ect  voltage  level  follows  ■’’he  r’elay  listed  in 
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parenthesis . 


Troubiesnooting  vji’n  Uk.  aid  oi'  <he  cnart.ed  information  in  Table  b.l 


per't'or'med  in  t.he  following  manner: 

Determine  tnat  control  operation  and/or  transfer  action  that 
does  not  perfonn  in  a coi’rect  manner. 

find  the  particular  function  involved  in  the  first  column  of 
Table  t . 

At  the  Monitoring  Control  Panel,  determine  if  the  correct  voltage 
is  present  at  the.  interwiring  terminal  listed  in  the  second  column 
of  Table  U . 1 . 

Find  the  holding  I'eiay  and  light  information  from  ttie  tnird 
column  listings.  If  the  correct  vo.it, age  appears,  as  determined 
in  Step  i,  only  by  holding  the  push-button  switch  depressed  during 
the  measurement,  checK  the  holding  relay  listed. 

Use  the  information  in  the  four’f.  column  to  aid  in  determining  which 


Specifii-’  poii.t  - LO-poii'i  circuit  wirir.g  may  be  i'oiloweU  by  referencing 
the  Control  Schematic  Drawing  vAppcndix  3".  Circuit  troubleshooting 
involving  the  valve  position  circuits,  the  absolute  pressure  measuring 
circuit  and  the  ignition  monitor  circuits  may  be  performed  with  the  aid  of 
this  sciierr.atic . 


CONTROL  OPEIL<\TION  i TERMri'I.-.’  ' H'JLLING  RLL-.Y  ' ‘iJ’PLI CABi*E  RELAYS 

OF  (TRA.N3KER  action)  I NO.  - VOLTAGh  , AND/OR  JILT.  LAyp ; ; 'TEM I lUL  VOLTAGE) 


VP-.N?  OPEN-  1 

STOP  PROGRAM  1 

12-115  V.  ; 

14-115  V.  1 

1 ! 

rXR.  ICR  ',69-115  V.) 
' 30  R2 

(minimum  vent  OPEN  | 

TIffi-rCNP;R  ON)  j 

1 

12-115  V 
14-115  V.  I 

1 1 

p ' 

iTD  : 

' (VENT  TIMER-  j 

1 6.3  V. -48-1*9)  ; 

'15CP,  ICR,  3CR2 
:2  FOR  (2  .SEC.  ONLY) 
;1TD  (M  ON  RELAY-II5  V 

(KINTMUK  VENT  OPl-K 
TIME-rETONABLt: 


ITD 

15CR,  ICR,  ,3CR2 

(VENT  TIMER-  ' 

' 5CR2  (.5  SEC  ONLY) 

6.3V..V8-49)  1 

I ITD  (M  ON  RELAY- 115  V. 

1 

I .5  SEC.) 

ENT  CLOSE 

1 12-0  V. 

> ICR 

' lU-0  V. 

'VENT  CLOSE -72) 

i EVACLATION  START 
I -VACUUM  PUM 
! ON 


I 'EVACUATION 
: CONTLETE^ 


PRESSURE  DEGREASE - 
MOMENTARY  PUSH 
BUTTON 


AIR  CHARGE- 
SET  -UP-  SMJIATED 


(simulated  Og 

LOADING  COKPLE'TE) 


AIR  CHARGE -SET  'JP 
SIMULATED  CH, 


12-115  V. 

' 20P 

.ICR,  1GP2,  3GR 

, (EV.AGUATION 

!2CE  ('TV- 115  V.) 

SLARTED-74) 

'rr(78-ii5  V.) (10-115  V.) 

: ii-O  V. 


V, 


: ?CF 

.''EVACUATION 
; COMPLETE-73) 

; (.SET  'JP--iIP-68) 
’ OR  (TEST-DETON- 
' ABLE  aAS-6?) 

i (EVACUATION 
STARTED- 7L) 


;ICR,  1CR2  (10-115  V.) 

\ 19 JR  (9-0  V.) 

; 3CR  (11- 115  V.) 
ilHCR,  '3CR2  (79-115  V.) 


-•I 

iiCR,  1CR2  (10-115  V.) 
fl9CR  (9-li5  V.) 
i 5CF  (75-115  V.) 

MF  (78-115  V.) 


. 4 

14-1.15  V. 

1 

4CF 

'AIR-6" ; 

i 

1 

1 

i 

1 

4CF  (62-115  V.j 
8CR  (64-115  V.) 

I8CR  (61-115  V.)  IHCR 
! -<.CR2  (79-115  V.) 

! lu-O  V. 


lu- 115  V. 


.J 


j UCP 

i (AIF-65) 


: Bc'5  (6u-o  V.) 

; 3CR2  (32-115  V.) 
;lh.,p.  lhcp,  i8gr 

• (6.1-  1*5  V.)  iHCR 


L:R  (62-115  V.) 

' ilCR,  8GR2  (6i^-115  V.) 
i I8CR  (61-115  V.)  IHCP 
I 3CR2  (79-115  V.) 


T'j-.ELiT-  ^ » -i 

TROUBLESHOOTING  CHECK  LU T 


TKRMili’ 


CONTROL  OPERATION 
OR  (Tiy^NSPER  ACTION) 


NO.  - VOLTAGE 


(SLMUIA.TED  OHi* 

loalino  complete) 


AIR  CHARGE-SET  UP 
SIKIOATED 


IHGR 


(SINTJIATED 
LCADINO  COMPUTE) 


mHGR 

IHCR 


‘RSSSURE  INCREASE 
N5CMEMTARY  PUSH 


(OXYGEN  GAS 
■JHAFGING  CO^PLETE) 


METHANE  GAS 
JHARGING 
TEST  MODE 


(NEmANE  PAS 
CiiAFGING  CONPLETE) 


HYDROGEN  CA3 
CHARGING- 
TEST  MODE 


(HYDROGEN  GAS 
CHARGING  CONPUTE 


(blast  VaLVT, 
OPEN- TEST) 


BLA.ST  VALVE 
EOSED-SET  !P) 


EQUENSF 


TABLE  4.1  CONI' 'D 


j UHCR, 

2HCP 

iCRL  ( 

i- 

HOLDING  REU/ 
anl/or  I ml.  U.MP) 

/APPLICABLE  RELAYS 

(terminal  voltage 

'~:o:rrHol,  KiUTidw 
OR  (tkanokkr  action) 

TERMINAL 

NO.  - VOLTAGE  ' 
. _ 

HOLDING  REL.-.:  j 

AND/OR  (IND.  LrUiP) 

APPLICABLE  RELAYS 
(TERMINAL  VOLTAGE) 

(ELAoT  VAL'vTi 
CLC3ED-TEST) 

! 

i8-0  V. 

15CR2  ON  13CR 
DURING  IGNITION 
SEQUENCE 

IHCR,  2HCP,  13CB 
1.37-115  V.),  uHCR 
ALSO  15CP,  15CR2  DURING 
IGNITION  SEQUENCE 

lONITIOK  SEQUENCE 
START-SET  UP 

uu-:!''  V. 

1 

—4 

15CP 

(IiGNITION  3EQ!JENCE 
START- 56) 

5TD,  ILCR,  15CF  (59-115  V.) 

i6cb  (58-115  V.;,  3CR, 

3CF2  (L-115  V.)(6-115  V.) 

1 laNiTior:  sequence 
start- TEST 

I 

56-115  V. 

15CP 

(IGNITION  SEQUENCE 
START -56) 

5TD,  13CR,  15CR  (59-115  V.) 
16CR  : 58- 115  V.),  3CR, 

3CR2  (4-115  V.)U-U5  V.) 

i'AUDIO  V/ARKING 
- .C  oEC . ) 

3-U5  V. 

AS  EITHER  OF  PREVIOUS 
TWO  CONTROL  FUNCTIONS 
PLUS  2TD 

i.'lSNITION  VOLTAGE 
I ...  SEC.  AfTEP 
; U SEC.  DELAY) 
j SET  IT  OP  TEST 
! A:  TER  STA.RT 

2-115  V. 

T 5CR2 

I5CR,  15CR2, 

13TD,  LTD 



i (ignition  SEQUENCE 
! CC^PLETE) 
j 40  SEC.  AFTER 
START- SET  IB 

p*  ■"  i 

58-0  V. 

16c  R 

(IGNITION  SEQUENCE 
COMPLETE- 57) 

IHCR,  2HCB  (39-115  V.) 
LTD,  15CR,  15CR2, 

I6CR  (57-115  V.) 

3CR2  (i4-I15  V.) 

(IGNITION  SEQUENCE 
COITLETE) 

UO  SEC.  AFTER 
START- TEST 

58-0  V. 

16CR 

(IGNITION  SEQUENCE 
COMPLETE- 57) 

5CR3  (28-115  V.) 

4TD,  15CR2, 

16CB  (57-115  V.) 

(IGNITION  SEQUEN'^E 
COMPLETE)  DURING 
30  SEC.  PERIOD 
AFTER  STOP  PROGRAM 
TUBE  VENT- TEST 

58-0  V. 

I6CR 

(IGNITION  SEQUENCE 
COMPLETE- 57) 

lTD-3  (28-115  V.) 
15CR2, 

16CR  (57-115  V.) 

(DETONATION  SENSOR) 
15  SEC.  AFTER  START 
AND  UNTIL  IGNITION 
SEQUENCE  COMPLETE 
LIGHT  EXTINGUI31IES 
TEST 

29-115  V. 

17CP 

(DETONATION 
SENSOR- 29) 

5CP3  (28-115  V.) 

OR  lTD-3  (28-115  V.) 

-1 

TABLE  U.I  COWI’D. 
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APPENDIX  A 


ERROR  IN  SHOCK  TUBE  LOADING 

This  section  includes  a sample  calculation  to  determine  the  effect  of 
gas  loading  error  on  the  detonation  and  peak  reflected  pressures. 

Assume  a binary  mixture  of  oxygen  and  methane  in  a mole  ratio  of  2:1, 
and  also  assume  initial  fill  pressure  is  to  1 atmosphere.  The  partial 
pressures  of  oxygen  and  methane  are  then  9-8  psia  and  4.9  psia,  respectively. 

If  no  error  ocurred  in  gas  loading,  the  precise  detonation  pressure 
ratio  expected  would  be  as  shown  in  Figure  2.2  or  in  Table  2.2, 


VPq  = 29.49 

The  detonation  pressure  is,  therefore,  433.5  psia  and  the  peak  reflected 
pressure  expected  is  433.5  psia  x 2.6  or  1127  psia.  If  the  gas  loading  is 
accomplished  within  an  accuracy  of  + 1 psia,  the  maximum  errors  that  could 
be  incurred  would  be  calculated  as  follows 


°2/'P 


9.8  psia  -*  1 psia  _ g 


77 


CH^  D.9  psia  - 1 psia 

The  detonation  pressure  ratio  for  this  mole  ratio  may  be  found  either  in 
Figure  2.2  or  by  interpolation  in  Table  2.2 


^D/Pq  = 26.89 

The  resulting  detonation  pressure  error  is  then 

4X3.9  psia  - -'/'"•i  Psia 


433.5  psia 


8.8  % low 


OEMEOAl.  A.  • ni- 


Similarly 


P 


?/P 

CH, 


y.b  psia  - 1 psia 
"!T.9  psia  + i psia 


VPq  = 31.»+5 


and  the  error  is 


psia  - 462 . psia 
S " 133.5  psia 


OEMEnAU  ArviemcAW  ^ikBEARCH 


= 1.^49 


6.6  fo  high 


OlViBiorvj 


APPEWmx  C 


aErvjenAc  Arv»E«icArj  pebearcm  oiv>b  "m 


wbicre  d = pipe  diameter,  in  inches 

D = pump  displacement,  in  cubic  feet  per  minute 
L = Length  of  connecting  pipe,  in  feet 
F = pressure  drop,  in  Torr. 

In  the  case  of  the  1500  psi  Dynamic  Load  Simulator, 

D = 75  standard  cubic  feet  per  minute 
L = 35  feet 

P = 5 Torr.  (Operating  pressure  = 25  Torr.,  Allowable 
P = 20  percent  of  operating  pressure) 

Upon  substitution,  d becomes  1 inch. 


OCMEFIAl-  AMERICAN 


rebearch  division 


APPENDIX  D 

i‘.oo  Pol  dy:;amic  load  sikuutok 

- Ci-ECK  LIST  - 


Tea-.  Dive.^tor  (TD) 


Test  Conductor  (TC) 

I!an:e 

Date 


Saj;.  i‘oliowii;(3  blank  in  this  check  list  must  be  filled  in  (enter  N/A  where  not 
appiicab.e)  by  th.e  Test  Director  v;ho  determines  the  theoretical  test  parameters.  The 
test  ,'0!.ductor  is  responsible  for  entering  the  actual  test  parameters. 


GELEGTOR 

Switch  Setting  tneoretical 

actual 

TUBE  EVACUATION 

Vacuum  pressure  switch  setting  theoretica.: 

actual 

Ei.-.al  vacuum  readings  meter 

gage 

CXYCEi:  LOADING 

Oxygen  pressure  switch  setting  theoretical 

actual 

Final  oxygen  readings  meter 

gage 


14.0 

, in. 

Hg 

(TD) 

In. 

Hg 

(TC) 

, psia 

(TC) 

. In  - 

Hg 

(TC) 

) 

. psig 

(TD) 

in . 

Hg 

.psig 

(TC) 

. psia 

(TC) 

in . 

Hg 

. psia 

(TC) 

OEfSiEnAL  AMrRlCAPsJ 


p £.rn  £.  A RC  H f-J . V = » tJ  r : 


ffiTIiA'.'E  LOABina 

v*3t!;a:;e  preasu’-e  switch  setting 

theoretical 

a>-tual 

Final  s'.eti’.ane  readings 

meter 

Hydrogen  pressure  switch 
setting 

gage 

theoretical 

actual 

Final  hydrogen  readings 

meter 

0\'ERC:-ARGE  PRESSURE  SWITCH 

gage 

theoretical 

SETTING 

actual 

detoi:atio::  sensor  switch 

theoretical 

SETTluG 

actual 

INITIAL  PRESSURE  OF  GAS 

theoretical 

^:IXTURE 

actual 

MOLE  RATIO  ^0.,;FUEL 

theoretical 

actual 

FUEL  RATIO  (CH,  dl„) 

theoretical 

actual 

DETOHATION 

yes 

no 

Qt  rjenAi  r.  - - !• 

psig 

(TD) 

in.  Hg 

psig 

(TC) 

psia 

(TD) 

